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AMPEREX engineers have devel¬ 
oped a series of Radiators suitable 
for the forced air cooling of metal 
anode power tubes which are 
ordinarily water cooled. 

These Radiators are scientifically 
designed for the greatest transfer 
of heat to the air stream. Their 
structures are simple> yet they are 
remarkably efficient. In fact, for 
some high frequency uses,they are 
far more desirable than water 
cooling systems. 

AMPEREX Radiators are available 
with the 891, 892, 342A, 343 A, 
232C, 220C, 228A and can be 
readily manufactured for many 
other types of tubes. 

Because of the technical skill re¬ 
quired for imbedding the anode 
into the radiator well, these radi¬ 
ators can only be supplied as an 
integral part of the tube. 
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•Editorial 

Comment* 

I T appears that a major television development is m 
the offing. During the past few months several 
systems of colored television have been announced and 
at least one method has been successfully demon¬ 
strated. 

A system of "Television in Natural Color," patented 
by R. Lorenzen, was described in a recent issue of 
COMMUNICATIONS (June, 1940, p. 8). This elec¬ 
tronic method requires that both the pickup and re¬ 
ceiving cathode-ray tubes have their sensitive photo¬ 
electric surfaces divided into separate areas, these 
areas having either coatings sensitive to red, green 
and blue, or a uniformly coated screen which responds 
to each of the three primary colors. At the receiving 
end an attachment, either a mirror or prism system, is 
employed to cause the superposition of the variously 
colored images. The band width required does not ex¬ 
ceed the present standard. 

Another electronic means of obtaining colored tele¬ 
vision is under development in the Allen B. DuMont 
Labs. This method will require a special screen for 
automatically selecting and rendering the elementary 
colored images in proper sequence. 

On September 4, the Columbia Broadcasting 
System demonstrated a colored television system in¬ 
vented by their chief television engineer, Dr. Peter 
C. Goldmark. (See front cover.) The equipment 
demonstrated used 16-mm motion picture film taken 
at 64 frames per second and run at 60 frames per 
second. The picture, which was excellent, contained 
343 lines interlaced, although Dr. Goldmark believes 
that over 400 lines can be obtained without exceeding 
the 6-mc band. It should be noted here that both 
Lorenzen and Goldmark have pointed out that the 
addition of color adds greatly to the apparent detail 
and definition in the picture ... a point which was 
borne out at the CBS demonstration. 

There is no doubt that color would add greatly to 
the entertainment value of television as far as the 
public is concerned . . . even at increased receiver 
prices. We wonder then if it might not be wise for 
the National Television Systems Committee to consider 
tentative standards for color television? 
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The UTC Telesphere baffle is a revo¬ 
lutionary step in speaker baffling. The 
smooth contours of this baffle prevent in¬ 
ternal “cabinet corner" reflections,and 
uniform spacing from the cone to all 
parts of the baffle maintains uniform in¬ 
ternal phase characteristics. A remark¬ 
able improvement in high frequency 
definition is effected. 


No reflexing is used in this infinite 
baffle to eliminate the “boom" frequently 
encountered in reflexed units at the 
peak point. 


WOOFER-TWEETER 
COMPONENTS 




THE m\ 

for FM, Broadcast Monitor, Audito¬ 
rium or other High Fidelity Service 


Type IHC-15 wa+f high fidelity permanent mac 
woofer-tweeter combination frequency curve as illustrai 
uniform from 50 fo 15,000 cycles. This combination incor- 
porates the new LM-5-15T tweeter and thp new WM-12-15 
woofer in a Telesphere baffle. The CN-I500V cross¬ 
over network is mounted Inside the baffle, 
t Price .v. . . . . . . ... . * ir.. ..: 


CINAUDAGRAPH Woofer speakers are specifically designed 
for low frequency service in woofer-tweeter combinations. In 
addition to excellent low frequency response, the design effects 
negligible cone break-up and minimum "hangover." 

JL' WM-I2-I5—specially designed low frequency woofer (may QO EA 
be used with LM-5-I5T)—15 watts output continuously, List ^OZavU 

-JL^WM-13-23 —a heavy duty I 3" woofer—will handle 23 watts CCffe A A 
continuously, List Price. *PUUaUU 

WM-15-25—a heavy duty 15" woofer—will handle 25 watts CTE AA 
continuously, List Price. JMv-UU 

WM-18-30—a heavy duty 18" woofer—will handle 30 Cl AA f|f| 
watts continuously, List Price. ^ I UU«UU 

New High Frequency Tweeter, fully enclosed, response ±5 DB, 1,500 
to 17,000 cycles, for 15 watt combinations. For 20 to 30 watt woofer- 
tweeter combinations, two of these tweeters should be (fnr AA 
used. LM-5-I5T, List Price. JZvmUu 

CN-I500V—1,500 cycle crossover network for use with LM-5-I5T and 
a low frequency woofer speaker, matches 6-8 ohm amplifier CIO EA 
output, List Price. JmZ.UU 

CN-I500L—same as above but for matching 500 ohms . . $ 17.50 
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Compensating for 

Tube input Capacitance Variation 

by Double Bias Provision 


I T has long been recognized that the 
input capacitance of a vacuum-tube 
amplifier is not independent of the d-c 
potentials applied to the electrodes of 
the tube. There have appeared in the 
technical literature several papers re¬ 
lating to this subject in which the varia¬ 
tion of input capacitance of a tube has 
been calculated as a function of the 
d-c potentials on the electrodes from 
consideration of the electronic theory of 
the vacuum tube. These’ articles have 
not indicated how the variable capaci¬ 
tance effect can be overcome within the 
tube while obtaining variation of the 
transconductance of the tube and the 
gain in an amplifier stage. This matter 
is of particular importance in the de¬ 
sign and operation of high-gain, high- 
-frequency amplifiers where small tun¬ 
ing capacitance is used and gain con¬ 
trol is desired. 

In using a vacuum tube as an ampli¬ 
fier between tuned circuits it is com¬ 
mon to employ adjustable negative bias 
potential on the signal grid to control 
the gain. When the gain is controlled 
in this manner in conventional receiv¬ 
ing tubes, an appreciable variation in 
the input capacitance of the tube occurs, 
which may exceed 1.5 mmfd. A typical 
example is given by the curves of Fig. 1 
which show the input capacitance 
change vs. grid bias potential for a 
6K7 tube and a 6L7 tube. This change 
in input capacitance will cause detuning 
of the input selector circuit, the amount 
depending on the size of the tuned cir¬ 
cuit capacitor. Thus, if a 75 mmfd tun¬ 
ing capacitor is used, a 1% change in 
the resonant frequency of the input 
selector may result as a consequence of 
varying the grid bias voltage to obtain 
substantial gain control action. If fairly 
selective circuits are used on the input 
and output of the tube, for example cir¬ 
cuits with a Q( = (i)L/R) of 100, this 
detuning will materially broaden and 
shift the frequency characteristic of the 
selector-amplifier system. It should be 

*This subject has been treated by the writer 
also in the R. M. A. Engineer, Nov. 1939, and 
U. S. Patent 2,209,394. 
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noted that this effect is quite divorced 
from the effect due to feedback through 
the tube arising from minute capaci¬ 
tance coupling between the plate and 
the signal grid electrodes. 

This paper describes a circuit for 
overcoming this undesired characteristic 
of the amplifier tube.* The means em¬ 
ployed include the use of a 6L7 mixer 
type tube as an amplifier and the ap¬ 
plication of suitably proportioned gain- 
control bias potentials to the signal in¬ 
put grid and the injector grid of the 
tube. 

To illustrate the operation of this 
new method of control, the curves of 
Fig. 2 are presented. These depict the 



capacitance change measured at the in¬ 
put grid of a 6L7 tube as a function of 
the bias voltages on the input and in¬ 
jector grids. The capacitance increases 
with increasing negative bias potential 
on the injector grid. The parameter for 
these curves is signal-grid bias poten¬ 
tial, Egi. Inspection of these curves 
shows that over a limited range of the 
parameter E e i the input capacitance can 
be held exactly constant by applying to 
the injector grid a suitable value of 
potential E £3 . The intersection of these 
curves with the axis of zero change 
in capacitance is an example of such 
related bias potential values. 

This suggests the possibility of 
achieving gain control while maintain¬ 
ing constant input capacitance by ap¬ 
plying a-v-c potentials simultaneously 
and in proper proportion to the input 
and injector grids. However, for this 
particular tube the required ratio of E S1 
to Eg 3 is not constant and therefore an 
expedient is required to obtain the de¬ 
sired results with a simple fixed-ratio 
a-v-c source. A solution for this prob¬ 
lem is to supplement the fixed ratio of 
a-v-c potentials applied to the two grids 
with a variable potential of proper mag¬ 
nitude derived from a resistor in the 
cathode circuit of the tube. A circuit for 
accomplishing this is shown in Fig. 3. 

Using this circuit with a 200-ohm 
cathode resistor and the indicated 
operating potentials, a 2/5 ratio of a-v-c 
potentials on the input and injector 
grids (as set by resistors R z and R 2 ) 
will hold the input capacitance substan¬ 
tially constant over most of the useful 
a-v-c potential range, as indicated by 
Curve B of Fig. 4. Other ratios of 
a-v-c potentials give less desirable re¬ 
sults, as depicted by the other curves 
of Fig. 4. For contrast, attention is 
again directed to the curves of Fig. 1 
which show a marked variation in the 
input capacitance of 6L7 and 6K7 tubes 
when only the bias potential on the 
signal grid is varied. 

All of the capacitance change mea¬ 
surements thus far discussed were made 
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at 450 kc by noting- the detuning of a 
sharply tuned circuit attached to the 
input grid-cathode circuit of the tube, 
there being no load impedance in the 
plate circuit of the tube. 

Since the object of the new circuit is 
to provide an amplifier capable of gain 
control by a-v-c potential without the 
customary defect of changing input ca¬ 
pacitance, measurements were made on 
a tuned amplifier using the new control 
circuit. The circuit tested is shown in 
Fig. 5. The input and output selector 
circuits were tuned to 450 kc and had 
moderately high L/C ratio and a Q 
of approximately 100 to procure high 
gain. The tuning capacitance for each 
circuit was 104 mmfd and the induc¬ 
tance 1.2 millihenries. In Fig. 6 are 
presented curves for this amplifier 

which show the shift in the mid-band 
frequency (Af m ), band width at half 
amplitude (W 2 ) and the stage gain as 
a function of the a-v-c potential. Only 
slight deviations in the overall selec¬ 
tivity characteristics occur as the gain 
is varied some 40 db. It will be noted 
that the band width at high gain levels 
is slightly greater than for low gain 

operation, despite the fact that the 

circuits are maintained in tune. This 
was traced to variable loading of the 
output tuned circuit by the changing 

plate impedance of the tube as the a-v-c 
potential was varied. 



For contrast the amplifier was oper¬ 
ated in convential manner by applying 
a-v-c potential only to the input grid 
of the 6L7 tube and grounding the in¬ 
jector grid, and corresponding per¬ 
formance data were obtained as shown 
by the curves of Fig. 7. It is seen from 
these curves that the selector charac¬ 
teristics change markedly with a-v-c po¬ 
tential even though the selectors are 
tuned with not uncommonly small values 
of capacitance. 

While the advantages of this gain 
control system are evident from the 
foregoing example, its greatest useful¬ 
ness is in amplifiers handling higher 
frequencies, particularly when they are 
designed with small tuning capacitance 
to obtain maximum gain. 

Several 6L7 tubes were tried in the 
new circuit. All of them exhibited the 



same general control characteristics. 
Although there were noticeable minor 
differences in performance, it was found 
that the ratio of a-v-c potentials ap¬ 
plied to the signal and injector grids 
for optimum stability of the input ca¬ 
pacitance remained between 2 to 5 (as 
in the illustrative example) and 1 to 3 
when a 200-ohm resistor was used. 

In the 450-kc tests, in which a tuned 
input circuit having about 1/3 megohm 
impedance was used, it was noticed that 
a slight loading effect on the tuned cir¬ 
cuit was produced by the tube when 
the total bias potential on the grids was 
less than —2.4 volts. Therefore, it is 
important in designing the amplifier to 
provide at least this value of initial bias 
potential with the cathode resistor. 

In the region near cutoff of plate cur¬ 
rent by the injector grid bias potential, 
which is at about —13 volts, notice¬ 
able overload occurs with signal input 
amplitudes in excess of .5 volt. In this 
respect the tube behaves like a sharp 


INPUT CAPACITANCE CHANGE 
vs. TOTAL AVC POTENTIAL 


Curve A- A tic Ratio = ; Curve B-AVC Ratio 

/ CurveC -AVC Ratio= V 2 
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Fig .4 


cut-off tube. Therefore, the system as 
developed around the 6L7 tube must be 
used only within a range of a-v-c po¬ 
tentials which will insure freedom from 
overload at the input signal levels em¬ 
ployed. 

The following explanation is offered 
as to the operation of the 6L7 mixer 
tube whereby constant input capacitance 
and variable gain are achieved. Under 
normal operating conditions the signal 
grid and the injector grid are main¬ 
tained at negative potentials and the 
screen grid and the plate electrodes are 
held at fixed positive potentials with re¬ 
spect to the cathode. Electrons pass 
from the cathode through the signal 
grid and screen to the plate. Surround¬ 
ing the grid wires we may imagine 
there exist zero-potential tubes outside 
of which are electrons. The space be¬ 
tween the grid wires and these tubes 
constitutes that portion of the input ca¬ 
pacitance which is due to the presence 
of the electrons. By increasing the 
negative potential on the signal grid, 
these tubes may be expanded and the 
input capacitance decreased. However, 
if the charge density in the region of 
the grid is simultaneously increased in 
proper amount, the tubes may be 
brought to a configuration which will 
restore the input capacitance to its 
original value. Such control can he 
achieved through the medium of the 
virtual cathode formed between the 
screen and the injector grid. By mak- 
(Contimied on page 14) 


PERFORMANCE CHARACTERISTICS 
OF CONVENTIONAL 
450 Kc. AMPLIFIER 


Circuit same as Fig.5 except AVC on 
Input grid only. Grid No.3 Grounded 
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Continuous Wave Interference 


With Television Reception 


I NTERFERENCE with television 
reception can be very severe due to 
the large band width employed for this 
service, and is a much more serious 
problem than interference with sound 
broadcasting. Fortunately, however, 
both have much in common in the meth¬ 
ods which can be used to effect sup¬ 
pression. 

Interference may be divided into 
two main categories, damped wave or 
impulsive type interference and continu¬ 
ous wave interference. The former is 
caused mainly by radiation from the 
ignition systems of motor vehicles, 
sparking in electrical machinery and 
appliances and from harmonics of spark 
type transmitters on certain ships. 
Thermal agitation, noise in circuits and 
Schott noise in tubes also produce in¬ 
terference of this type within television 
receivers. The latter type of interfer¬ 
ence is caused by radiation from short¬ 
wave radio or television receivers of 
the superheterodyne type, medical dia¬ 
thermy apparatus used in hospitals, and 
harmonics from powerful broadcast and 
amateur transmitters. Continuous wave 
interference patterns may also be pro¬ 
duced within television receivers, quite 
apart from any outside sources, due to 
unwanted couplings between certain cir¬ 
cuits causing harmonics of the sound 
or vision intermediate frequencies to 
react with the incoming signal*, or due 
to hum voltages derived from the power- 
supply frequency and its harmonics, or 
voltages derived from the harmonics of 
the scanning frequencies, being injected 
into the receiver picture amplifier. 

*See Bedford, Jnl. Tel. Soc., March, 1937. 

Fig. 3. The exponential light volt¬ 
age characteristics. 



By C. N. SMYTH 

Television Laboratories, 
Kolster-Brandes, Ltd. 
(Company of I. T. & T. Group) 



Above: Fig. 1. A typical example 
of continuous wave interference. 

Below: Fig. 4 (a, b, c—top to bot¬ 
tom) (a) Raster with signal; and 
two (b, c) conditions of interfer¬ 
ence. 



Methods of Reducing Interference 

Interference-free reception of sound 
or television can only be effected if it 
is possible to locate an aerial in a posi¬ 
tion where the signal-interference ratio 
is sufficiently large and where the sig¬ 
nal strength is sufficiently strong to 
swamp the effects of losses in the trans¬ 
mission line and interference encoun¬ 
tered in the receiver itself, then provid¬ 
ing the receiver is well screened and the 
power supply adequately filtered, the re¬ 
ceiver will reproduce the signal-inter¬ 
ference ratio present in the aerial in the 
frequency pass band of the receiver. If 
the signal-interference ratio at the aerial 
is not sufficiently good, then advantage 
may be taken of the directional and 
polarizing properties of aerials and an 
aerial employed which receives waves 
coming only from the effective direction 
of the transmitter and with the desired 
angle of polarization. 

Beyond this, the signal interference 
ratio cannot be improved without reduc¬ 
tion of picture quality, by reduction of 
band width or the use of interference 
suppression circuits which limit the 
peaks of picture modulation or leave 
gaps in the picture where interference 
signals would normally appear. Such 
interference suppression circuits are, of 
course, only applicable to impulsive type 
interference. 

Further improvement lies in the di¬ 
rection of suppression of the interfer¬ 
ence at the source, but before this can 
be undertaken with any certainty of 
success it is necessary to have an exact 

Fig. 2. The linear light voltage 
characteristic. 



CONTROL GRID BIAS 
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Fig. 6. (Top to bottom, a, b, c, d, 
e) Various television images taken 
with interference at a frequency 
of about 300 kc. Interference to 
signal voltage ratios: 0, -10, -20, 
-30, -40 db. 



knowledge of the degree of suppression 
which is desirable. 

Continuous Wave Interference 

By continuous wave interference is 
implied the production of spurious mod¬ 
ulation frequencies superimposed on the 
picture signal in the output of the re- 




Fig. 4 (d, e, f—top to bottom). In¬ 
terference levels -20, -30, -40 db. 

Compare (f) with (a) page 5. 

ceiver and appearing as a steady or 
slowly changing pattern on the picture 
screen. The effect is often described 
as a herring bone or feather pattern 
superimposed on the picture. A typical 
example is shown in Fig. 1. Such in¬ 
terference is caused by the interaction 
of an unwanted signal with the carrier 
frequency of the television transmission, 
the unwanted signal usually heterodyn¬ 
ing the carrier frequency directly, or 
the intermediate frequency, to produce 
beats in the video frequency range. In 
superheterodyne receivers, the effect is 
also produced by interference from sig¬ 
nals in the second channel band, or im¬ 
age signal interference. The problem 
then is similar to the production of 
whistle interference in broadcast re¬ 
ceivers. 

The annoyance value of the inter¬ 
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ference, its property of destroying the 
entertainment value of a television pro¬ 
gram, depends clearly on the signal-to- 
interference ratio on the resultant pic¬ 
ture, or what is almost the same thing, 
at the output of the receiver vision am¬ 
plifier or at the grid of the light modu¬ 
lating device. 

The signal-interference ratio at the 
output of the receiver will, in general, 
be slightly different from that at the 
input due to the various characteristics 
of the receiver. The amount of the 
change will depend on factors such as, 
the magnitude of the incoming signal, 
the magnitude of the incoming inter¬ 
ference, the type of frequency changer 
and detector employed, the band width 
of the circuits in various parts of the 
receiver, especially of the input cir- 



Fig. 5 (a, b, c—top to bottom) 
Conditions of Fig. 4, but using ex¬ 
ponential characteristic (Fig. 3) 

cuits, and the relative frequencies of 
the signal and interference. A detailed 
analysis of the effects of these various 
factors can be carried out practically, 
or mathematically, for any given re¬ 
ceiver design in accordance with known 
methods and so this work is limited to 
establishing the signal-to-interference 
ratio which may be tolerated at the 









grid of the light modulating device. 

Measurements 

A series of visual observations has 
been made, and photographically rec¬ 
orded, to study the effects of the inter¬ 
ference on test signals and also on 
actual programs. No marked diver¬ 
gence of opinion was expressed by any 
of the observers as to what did or did 
not represent interference-free recep¬ 
tion. Measurements were also made to 
determine whether c-w interference was 
more noticeable by reason of its effect 
on synchronization than on modulation 
of the picture brightness. 

The conditions of the observations 
were as follows: two cathode-ray type 
television receivers were arranged for 
viewing signals from the London trans- 



Fig. 5 (d, e, f—top to bottom) 
Same conditions as Fig. 4 (d, e, f) 
with exponential characteristic of 
Fig. 3. 

mitter of the British Broadcasting Cor¬ 
poration. One was fitted with a ca- 
thode-rav tube having a linear light- 
voltage characteristic and the other with 
a cathode-ray tube having an exponen¬ 
tial light voltage characteristic. (See 
Figs. 2 and 3.) The receivers were 
also arranged so that they could re¬ 
ceive a 45-mc carrier modulated 30% 


at 400 cycles per second instead of the 
B.B.C. transmission. Both the B.B.C. 
signal and the test signals passed from 
the aerial through the normal h-f and 
1-f amplifying stages of the receiver. 
Peak voltmeters and cathode-ray oscil¬ 
lographic measuring gear were set up 
to measure the output signal applied to 



Fig. 8 (a, b, c—top to bottom) 

Illustrating interference applied to 
picture modulation and to synchron¬ 
izing circuits. 



the c-r tube modulating grids. 

Measured interfering voltages from 
a continuous-wave oscillator were also 
arranged to be injected into the cathode 
circuit of the c-r tube. Thus inter¬ 
ference of any desired magnitude or 
frequency could be mixed with the in¬ 
coming wanted signal. Hence, inter¬ 
ference was not produced, as in prac¬ 
tice, by beating of two signals within 
the receiver, but definitely mixed with 
the receiver output in known quantity 
and frequency. The conclusions are 
shown in the accompanying photo¬ 
graphic reproductions. 

In Fig. 4, a, b, c, d, e, f were obtained 
on the c-r tube with a linear character¬ 
istic (Fig. 2). The wanted signal con- 
(Continued on page 14) 



Above: Fig. 7 (a, b, c, d)—top to 
bottom) Showing the effects of fre¬ 
quency on the appearance of inter¬ 
ference. Below: Fig. 9. The high- 
pass filter. 
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Some Notes on Diode Detection 

PART II* 


I. Diode Performance—Resistive Circuit 

I T is of interest to study first the 
diode performance when the tuned cir¬ 
cuit is assumed to present a source im¬ 
pedance R to the carrier and side-band 
frequencies, and the load a resistance 
R l to the carrier, and a resistance R' L 
to the modulation frequencies, where 
R'l is equal to Rl and R s in parallel, 
Fig. 1. It is therefore assumed that C s 
has negligible reactance, and C L has 
negligible admittance at the modulation 
frequency f m , while the tuned circuit 
has negligible admittance to the side¬ 
band frequencies (f c ±f m ). Through¬ 
out this discussion, C L is assumed to 
have negligible reactance to all high- 
frequency components flowing through 
it. 

In the preceding section* it was 
shown that Rl had an apparent resistance 
to the high-frequency source of R L /2. 
In the same manner R has an apparent 
resistance, when viewed from the diode 
low-frequency output terminals, of value 
2R. The envelope appears from these 
same terrminals as a voltage e L , com¬ 
posed of a d-c component equal to the 
carrier peak amplitude E c , and an a-c 
component equal to the vector sum of 
the side band amplitudes, or mE c sinco m t. 
The above is sufficient information to 
proceed with the graphical construc¬ 
tion. 

This is shown in Fig. 2. First the 
quiescent point for the unmodulated 
carrier E c is determined. Through O, 
the load line OA for R L is drawn. Then 
a rule is slid at an angle 0 such that 

0 = cot" 1 (Rl + 2R) .(1) 

Where it intersects OA in a diode 
rectification curve, at B, such that CD 
equals E c , is the quiescent point. (The 
load line for (R L + 2R) is DB). The 
reader can check that OD is the voltage 
drop in the apparent source impedance 
(as viewed from the diode output ter¬ 
minals), CE is the voltage drop in the 
diode itself, and EO is the voltage de¬ 
veloped across R L . 

Now suppose that the carrier is 
modulated, and that the instantaneous 
peak carrier voltage me c is at the mo¬ 
ment under consideration greater than 
E c (envelope rising above its average 
carrier value), by an amount AE C . To 
find the path of operation for the modu¬ 
lated carrier, proceed as follows. 

*See Part I, “Some Notes on Diode Detec¬ 
tion, 0 by Albert Preisman, p. 18, August, 1940 
Communications. 


By ALBERT PREISMAN 

RCA Institutes, Inc . 

Shift the voltage axis up to B, so that 
its new position is BF. Through B 
draw the steeper load line for RT, 
namely GH. Now slide a rule IJ at an 
angle 

O' = cot -1 (RT + 2R) .(2) 

to a position where its intersection with 
GH in I is also that of a characteristic 
curve IK, and such that KJ equals A E c . 
Then BJ represents the voltage drop in 
2R, KL that in the diode, and LB, that 
developed across the a-c diode load re¬ 
sistance RT. This process is then re- 



Above: Fig. 1. Below: Fig. 2. 



peated until all values of the envelope 
have been used. 

Since the path of operation is clearly 
along GH, it is in practice necessary to 
find the points corresponding only to 
the peaks of the envelope. It is also evi¬ 
dent from the figure that a peak en¬ 
velope which carries the path of opera¬ 
tion beyond H will result in output 
distortion. This matter will now be 
discussed in greater detail. 

The resistance R'l to the a-c com¬ 
ponent of the output current i L is less 
than that, R L , to the d-c component. 
This would mean that if m = 1, the 
peak modulation voltage is equal to the 
average, or carrier voltage E c , and 
hence the a-c component of i L would ex¬ 
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ceed the d-c component, or the total 
would have to be negative during peak 
inward modulation. But this is impos¬ 
sible, since the diode cannot conduct re¬ 
verse current. Hence, the path of opera¬ 
tion for inward modulation is first along 
BG (Fig. 2) and then along the e L 
(BH) axis, or the negative peaks of 
i L are “clipped,” with resulting distor¬ 
tion. This is similar to excessive grid 
swing in a three-or-more element tube, 
where the operation is carried beyond 
plate-current cut-off. There also re¬ 
sults some self-rectification with conse¬ 
quent shifting of the operating point 
away from B. 

To avoid such clipping, the maximum 
modulation of the generated input sig¬ 
nal must be less than m. To find this 
maximum permissible value nT, for m, 
draw MH parallel to IJ, i.e.—at the 
slope for (2R + R' L ). It is then evi¬ 
dent from the figure that the generated 
carrier voltage is 
E c = (CE + EO + OD) 

— idc (r d + Rl + 2R) .(3) 

whereas the maximum permissible de¬ 
crease in the generated carrier envelope 
is 

M E c = (NQ + NB + BM) 

— il (r<i + RT + 2R) .(4) 

From Eqs. (3) and (4), 

m r — (L/idc) (i*d + R'l T 2R). 

But for maximum permissible modula¬ 
tion, i L just equals idc, so that 
(r d + RT + 2R) 

m' =. .(5) 

(r d -f- R l + 2R) 

It is to be noted from Eq. (5) that 
the smaller R' L is compared to R L , the 
smaller m' will be, whereas the greater 
R is, the more nearly does m' approach 
unity. In short, R tends to counteract 
the difference between R'l and R L in 
reducing the value of m', but this, of 
course, does not indicate that a high 
value of R is desirable, since the actual 
output voltage, e L , would be reduced. 
The main point in presenting the action 
of R is to show that the percentage 
modulation at which clipping just occurs 
is dependent upon all parameters, in¬ 
cluding r d , although it is primarily 
caused by the lower value of R' L as com¬ 
pared to R l . If r d is comparable to 
R'l then the reflection of R into the 
output circuit will be less than 2R and 
quite difficult to determine. However, 
for quite a range of r d < Rl the above 
value of 2R holds fairly accurately, and 






















indeed, in usual broadcast practice 
where r d << Rl (diode approaches the 
ideal), Eq. (5) reduces to 


R'l + 2R 

m' =- 

Rl + 2R 


( 6 ) 


The difference in total circuit re¬ 
sistance for the envelope (2R + RT) 
and the carrier (2R + Rl) results in 
a reduction in the envelope at the diode 
plus load terminals as compared to the 
generated voltage. From Fig. 2 it is 
evident that the generated envelope volt¬ 
age is MQ, and the terminal voltage 
is BQ (including the drop in the diode). 
It is also evident that the carrier gem 
erated voltage is CD, and the carrier 
terminal voltage is CO. The percentage 
modulation m G of the generated signal 
is MQ/CD, while the percentage modu¬ 
lation of the terminal voltage, m T , is 
BQ/CO. From the diagram it is evi¬ 
dent that 


m G — MQ/CD 

i L (2R + R'l + fd) 


i dc (2R + Rl + I'd) 

and 


( 2 ) 


m T f« BQ/CO 

iL (R'l + I'd) 

idc (Rl + I'a) 

Then the percentage reduction in modu¬ 
lation is 

/ R'l + r d \ / 2R + Rl + I'd \ 
m T /m G " ( Rr + ra / \ 2 R + k' L + r J 

.( 8 ) 

If a greater percentage of modula¬ 
tion is employed than that given by 
Eq. (6), it will be found that around 
peak inward modulation, where cut-off 
of i L occurs, the envelope terminal 
voltage will become equal to the gen¬ 
erated envelope voltage, whereas for 
other portions of the modulation cycle 
Eq. (8) indicates that the terminal volt¬ 
age will be less. Hence the envelope 
terminal voltage will be distorted in that 
it will have its negative half cycles 
peaked, whereas the output voltage, e L , 
will have its negative peaks flattened. 

From the above several things are 
evident: 

(1) For the usual diode circuit, 
where the a-c output resistance is less 
than the d-c output resistance, a value 
of modulation less than unity must be 
employed if distortion is to be avoided. 
(2) The source resistance tends to 
counteract this effect, but only in de¬ 
gree, and at the expense of the output 
signal. (3) The above two considera¬ 
tions also result in a lesser depth of 
modulation of the carrier voltage de¬ 
veloped across the diode and load re¬ 
sistance as compared to that generated 
in the source. 


The construction shown in Fig. 2 
tacitly assumes r d << R'l, for other¬ 
wise R would not appear as 2R in the 
diode output circuit. However, it does 
take r d into account in determining the 


y. 




maximum permissible percentage modu¬ 
lation, m', and the percentage reduction 
in modulation. If r d is negligible, Eqs. 
(6) and (8) will be found to coincide 
with those given by Wheeler 1 and also 
those given by Court 2 . 

It will also be evident that if a very 
large inductance whose winding resis¬ 
tance equals Rl be substituted for R L , or 
—what is equivalent—a -large induc¬ 
tance of negligible winding resistance 
be placed in series with R L , and if, in 
addition, R g be made equal to R L , then 
the d-c and a-c resistances will be equal. 
In this case, 100% modulation can be 



accommodated without “clipping.” How¬ 
ever, the cost and bulk of the inductance, 
as well as its susceptibility to hum pick¬ 
up, mitigate against its use in practice. 

It is also possible to obtain distortion¬ 
less operation for 100% modulation with 
the ordinary type of resistive load by 
inserting a positive d-c voltage in series 
with the diode. Its value should be 
equal to HO (Fig. 2), in which case 
it would move the load line for R' L over 

1 Wheeler—“Design Formulas for Diode De¬ 
tectors ”—IRE Proc., June, 1938. 

9 Court—“Diode Operating Conditions ”—The 
Wireless Engineer, Nov., 1939. 


to the origin O instead of H. However, 
its value is dependent upon the magni¬ 
tude of the carrier voltage, E c , and dis¬ 
tortion can occur for values of E c 
greater or smaller than the value which 
just brings the load line for R' L over to 
the origin, O. For a complete discus¬ 
sion, the reader can consult Wheeler 1 or 
Court 2 . 


2 . Diode Performance—Tuned Source 
Impedance 

The analysis given above is sufficient 
for most practical purposes. However, 
an actual circuit may be that shown in 
Fig. 3. The pentode may be regarded 
as a constant current generator, whose 
current is Gme^. This current induces 
in the tuned secondary coil, having in¬ 
ductance L and resistance R, a voltage 
jcoMGme!. From this point Fig. 3 may 
be replaced by Fig. 4 by the use of 
Thevenin’s Theorem, and also in view 
of the discussion in Section 2* (Fig. 7). 

As viewed from Terminals 1-1, the ap¬ 
parent source impedance is as shown, 
where R = a/L 2 /R'. The apparent gen¬ 
erated (open-circuit) voltage is that de¬ 
veloped across C before the diode is con¬ 
nected. For the carrier it is 


e c — 

l/jw c C 

j e g iG m to c M - 

R' 4" jo) c L -j- 1 /j co c C 
G m M 

= e*. .(9) 

R'C 


if L and C are adjusted to resonance at 
the carrier frequency f c . Similarly, for 
the upper and lower side bands, the ap¬ 
parent generated voltages are respec¬ 
tively 


e c * = e g F (GcM/R'C) 
e c ~ = e g T (GmM/R'C) 


( 10 ) 


It is evident that they are in phase with 
the input voltages, and in the same 
ratio: G m M/R' C. Hence the modu¬ 
lated wave is undistorted by the tuned 
circuit, at least if co m << to c . These 
voltages and the apparent source im¬ 
pedance can be reflected to the output 
side of the diode circuit, and the circuit 
will appear as in Fig. 5. At the higher 
modulation frequencies where C is of 
some importance, C g is usually unim¬ 
portant, so that R l and R g in parallel 
may be replaced by R'l as in Sec. 1. 

While the quiescent point for the 
carrier voltage is determined as in the 
preceding section, the a-c path requires 
the method mentioned previously 3 for its 
determination. Although fairly accurate 
linear circuit calculations are possible 
and generally more desirable, an ex¬ 
ample will be worked out to show the 
graphical application. 


*See Part I, “Some Notes on Diode Detec¬ 
tion,” by Albert Preisman, p. 18, August, 1940, 
Communications. 

3 Preisman—“Graphics of Non-Linear Circuits” 
—Part I, Section IV, July, 1937, RCA Review. 
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In this example, 2R will be taken as 
0.2 megohm; C as 200 mmfd; C L as 500 
mmfd; R L as 0.125 megohm; and R s as 
0.5 megohm. The diode rectification 
family is that shown in Fig. 7, and is 
that for a 6H6 tube. 

The problem as given presents 
formidable difficulties. The rigorous 
method of attack is to take C s into 
account as well as the other diode load 
parameters. This not only increases 
the complexity of the circuit and hence 
the labor, but, due to the large R e C e 
time constant as compared to the period 
of the modulation frequency to be used 
(5000 cps), many cycles of operation 
will have to be traversed before steady 
state conditions are attained. 

This characteristic of the finite 
operator method is due to its generality 
and completeness of attack. A similar 
situation arises if it be employed to 
solve a choke feed power output stage. 
In the latter case, a simplification and 
usually satisfactory approximation is 
made in assuming that there are two 
resistive load lines: a d-c load line corre¬ 
sponding to the ohmic resistance of the 
choke, and an a-c load line correspond¬ 
ing to the load resistance as it appears in 
parallel with the choke. As a first ap¬ 
proximation, these two are assumed to 
intersect at the quiescent point, which in¬ 
tersection is then shifted to correct for 
self-rectification. The finite operator 
method, on the other hand, would give 
a very narrow load spiral or scroll which 
would finally, after many cycles, close 
into a steady state narrow loop prac¬ 
tically coinciding with the final position 
of the load line as determined by the 
more approximate method. 

A similar situation would arise in this 
problem. However, the phenomenon 
to be exhibited here is that of “clipping” 
due to the shunting effect of C L upon 
R l . Hence we shall assume that R s is a 
negligible shunt upon R L , i.e.—that the 
a-c and d-c resistances are identical and 
equal to Rl. We shall assign a value 
of 0.1 megohm to this parameter. This 
represents the above 0.1 and 0.125 meg¬ 
ohm resistors in parallel. 

The graphical construction will pro¬ 
ceed from the origin of the family of 
curves rather than from the quiescent 
point, and 100% modulation will be as¬ 
sumed for e r as determined by Eq. (9) 
in conjunction with Eq. (10). The 
equivalent voltage, as it appears across 
the output side of the diode circuit, will 
be taken as 

e c = 20 — 20 cos (2*50000 ....(11) 

While this is a rather low voltage, it 
will exhibit the “clipping” phenomenon 
described above, particularly for a 
modulation frequency of 5000 cps. The 
circuit parameters given above are en¬ 
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Fig. 7. 

tirely practical, although C L has been 
chosen rather large to emphasize the 
effect. 

Let the voltage drop across R and 
C be ei; that across the diode output 
load Z L (Rl and C L in parallel), be e 2 . 
Also let i CL be the instantaneous current 
through Cl, ic, that through C, i R , that 
through R, i RL , that through Rl, and i T , 



the total current. 
Then 


It — icL + inr, = ic T L .(12) 

ei = A t/Cb (icL T 2 Ll) 

— IrlRl .(13) 

e 2 — A t/C (ic + 2 ic) 

= inR .(14) 

e c = e 2 + e 2 + i T r d .(15) 


where i\, is the non-linear diode resis¬ 
tance as given by the family of curves. 


Fig. 8. 



From Eqs. (12), (13) and (14) 
can be obtained 

ei = ItZ + ZSic 1 .(16) 

c 2 — i T Z L T Z L SicL j 
where 

Z= (1/R +At/C) 

and 

Z L = (1/Rl + At/C L ). 

Then, from Ecjs. (15) and (16) are 
obtained 

e c — ZlSIcl — Z2i c 

— iT (Zl) T i T Z T Li'd .(17) 

Eqs. (16) and (17) form the basis of 
the graphical construction. Thus, at any 
stage of the process, 2i c and Si cl are 
known by summing up the currents from 
the first application of e c , at which time 
we can assume, if we wish, no initial 
charges on C L and C, i.e.—Sic and Si C L 
are zero. Therefore the net voltage 

e n = (e c — ■ Z L Si C L — ZSic) 

is known and is applied in a manner 
similar to that described in the preced¬ 
ing two sections of this article. 

In Fig. 6 is shown the construction. 
The net voltage at the moment under 
consideration is CD. The voltage 
Zl SicL is laid off from the origin as 
OB. Through B is drawn BA to repre¬ 
sent the finite operator Z L . Then AC, 
which represents the finite operator 
(Z + Z L ), is slid parallel to itself until 
its intersection with AB in A is also 
that of a diode rectification curve AD, 
such that DC equals the net voltage 
(e c — ZlZucl — Z2i c = e n ). Then AE 
equals i T , DE represents the diode volt¬ 
age drop i T r d , and EO equals (i T Z L + 
Z L 2 Icl) or e 2 , the voltage across the 
diode load. In addition, it is evident 
that Eq. (17) is satisfied. The impor¬ 
tant point to note is that r d is here a 
family of curves, and hence the proper 
member of the family must be selected. 
This has been done by drawing Z L or AB 
at a distance BO (= Z L 2 i C c) from the 
origin O, so that point E will be dis¬ 
tant from O by the amount e 2 , the volt¬ 
age across the diode load. 

From AE, the new values of i C L and 
ic can be found. To determine i C L, for 
instance, divide e 2 (= EO) by R L to ob¬ 
tain i RL . Subtract this from i T and the 
difference is i C L. This may turn out 
positive or negative, depending upon 
whether C L is charging from the source 
or discharging through R L during the 
particular time interval At. Similarly i c 
can be found from e a and R. Note that 
e a is equal to BC plus Z2ic, or alter¬ 
natively to (i T Z + Z2i c ). 

The successive values of i T , 2icL, 2ic, 
icL, ic, ei, e 2 , e n , etc., can be arranged 
in the form of a tabular schedule, in 

(Continued on page 18) 
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Communications Receivers 


I N the accompanying illustrations are 
shown a number of the latest com¬ 
munications receivers made available 
by the various manufacturers. Since the 
average reader already has a good gen¬ 
eral knowledge of this type of receiver, 
detailed circuit descriptions will not be 
given here. Instead only a few of the 
outstanding features of the receivers 
will be covered. 

In Fig. 1 is shown the Hammarlund 
HQ-120-X. This 12-tube superhetero¬ 
dyne covers a continuous range from 
540 kc to 31 megacycles (9.7 to 555 
meters). The pre-selector stage is of 
the high-gain type and incorporates a 
special feature which makes it possible 
to compensate for various types of an¬ 
tennas—the compensating control, which 
appears on the panel directly underneath 
the meter, provides an external adjust¬ 
ment for aligning the circuits with the 
antenna system in use. 

The band-spread control in the HQ- 
120-X has five scales. The first is an 
arbitrary scale reading 0 to 200 for cali¬ 
bration in any of the bands covered by 
the receiver. The four other scales are 
calibrated in megacycles for the 80, 40, 
20 and 10 meter bands. 

The crystal filter incorporated in the 
receiver has five ranges of selectivity 
controlled from the panel by means of 
a rotary switch. The first three steps 
on the switch are for phone reception, 
varying from broad to fairly sharp, 
while the fourth and fifth positions are 
for cw reception. The sixth contact 
cuts the crystal out of the circuit. 

The i-f amplifier of this unit consists 
of three stages employing iron-core 
permeability-tuned transformers. The 
intermediate frequency is 455 kc in line 
with RMA standards. Further an auto¬ 
matic noise limiter is provided—it oper¬ 
ates with the a-v-c either on or off. 

The S meter is calibrated to read in 

Fig. 1. The Hammarlund HQ-120-X. 



S units from 1 to 9. S-l corresponds 
to approximately .39 microvolts input 
at the antenna terminals, while S-9 
corresponds to 100 microvolts. The 
meter is also calibrated up to 40 db 
above S-9. 

A beat-frequency oscillator is also 
incorporated. This oscillator is said to 
be so isolated that it has no material 
effect on the operation of the i-f ampli¬ 
fier. 

In Fig. 2 is shown the Hammarlund 
Series 200 Super Pro receiver. The 



Fig. 2. Hammarlund 200 Super Pro. 

tube line-up for this unit is as follows: 
6K7 first t-r-f, 6K7 second t-r-f, 6L7 
mixer, 6J7 h-f oscillator, 6K7 first i-f 
amplifier, 6SK7 second i-f amplifier, 
6SK7 third i-f amplifier, 6H6 second de¬ 
tector, 6N7 noise limiter, 6SK7 a-v-c 
driver, 6H6 a-v-c diode, 6SJ7 b-f oscil¬ 
lator, 6C5 first a-f amplifier, 6F6 second 
a-f amplifier, 2 6F6 third a-f amplifier 
(push-pull) 5Z3 high-voltage rectifier, 
80 C-bias rectifier. 

It will be noticed that this set has a 
two-stage t-r-f amplifier ahead of the 
mixer stage. These two stages are em¬ 
ployed on all bands covered by the re¬ 
ceiver (two models covering from 540 
kc to 20 me and from 1,250 kc to 40 
me). Also the antenna input circuit is 
electrostatically shielded from the grid 
circuit of the first tube to permit the 
use of low-impedance transmission lines 
between the antenna and the receiver. 
The input impedance of the receiver is 
approximately 112 ohms. 

The i-f amplifier employs three stages 
. . . this to secure a high degree of se¬ 
lectivity. The band width of the i-f am¬ 
plifier is controlled by a cam arrange¬ 
ment which varies the coupling in two 
of the i-f transformers. The i-f channel 
is variable from 16 kc down to 3 kc with 
the crystal filter out of the circuit, to 
better than 100 cycles with the crystal 
in the circuit. 

The a-f channel of the series 200 
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Super Pro is designed for high-quality 
reproduction. The first stage is a 6C5 
triode voltage amplifier. The second 
stage is a 6F6 triode used as a driver 
for the output amplifier which is a pair 
of 6F6’s operated in push-pull, Class 
AB. 

The power supply for the SP-200 is 
a heavy-duty unit designed to furnish 
filament, plate and grid bias voltages. 
Being a separate unit, it is connected 
to the receiver by means of a flexible 
cable. 

The S meter on this receiver has been 
designed to permit the operator to set 
the maximum readings to conform with 
his particular system of recording signal 
strength in S numbers. In other words, 
the meter can be adjusted to read S-9 
on any signal from 10 to 10,000 micro¬ 
volts. It is normally adjusted, however, 
to read S-9 on a 25 microvolt scale. 

This receiver is, of course, equipped 
with a beat-frequency oscillator to het¬ 
erodyne signals. This oscillator is of 
the electron-coupled type and is isolated 
from the rest of the receiver. An auto¬ 
matic-volume-control system is also pro¬ 
vided, both r-f stages and the first two 
i-f stages being automatically controlled. 

In Fig. 3 is shown the Hallicrafter 
Model SX-28 Super Sky Rider receiver. 



Fig. 3. Hallicraffers 1 Model SX-28. 

This unit covers the frequency range 
from 550 kilocycles to 43 megacycles 
continuously. Its tube lineup is as fol¬ 
lows : 6SK7 first r-f amplifier, 6SK7 
second r-f amplifier, 6SA7 mixer, 6SA7 
h-f oscillator, 6L7 first i-f amplifier noise 
limiter, 6SK7 second i-f amplifier, 6B8 
second detector and S meter tube, 6B8 
a-v-c amplifier, 6SK7 noise amplifier, 
6H6 noise rectifier, 6J5 beat oscillator, 
6SC7 first audio amplifier, two 6V6GT 
push-pull output amplifier, 5Z3 rectifier. 

The r-f amplifier or pre-selector of 
the SX-28 has two 6SK7 tubes in cas¬ 
cade on bands 3, 4, 5 and 6 (from 2.9 
to 42 me), but uses only one stage on 
the first two bands (from 550 kc to 3.1 












me). This receiver is said to have an 
image ratio of 45 to 1 at 28 me, 350 to 
1 at 14 me and proportionately higher 
as the frequency is decreased. 

The first two i-f transformers are 
permeability tuned, the adjusting screw 
being under spring tension. The diode 
transformer is air tuned with two vari¬ 
able capacitors. These trimmers are also 
under spring tension to enable them to 
withstand vibration. In addition the i-f 
transformers are expanded in two steps 
permitting either medium or full repro¬ 
duction of higher frequencies. 

This receiver is provided with six 
ranges of selectivity—broad, medium 
and sharp with the crystal out of the 
circuit; broad, medium and sharp with 
the crystal in use. Also, the SX-28, in 
line with usual practice, is equipped 
with an S or signal intensity meter, a 
beat-frequency oscillator, has double 
a-v-c action and meploys a noise limiter. 

The output stage of the audio ampli¬ 
fier uses two 6V6GT tubes connected 
in push-pull. These tubes are driven by 
the 6SC7 double triode. One of the tri- 
ode sections of this latter tube is used 
as the inverter to the 6V6GT tubes. 
A portion of the signal from the plate of 
the first 6SC7 triode is fed to the grid 
of the other 6SC7 triode section, thus 
giving two output voltages in opposite 
phase. 

Another Hallicrafters receiver, the 
model S-29, is shown in Fig. 4. This is 
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Fig. 4. Hallicrafters S-29. 


a battery-powered set covering a fre¬ 
quency range from 540 kc to 30.5 me in 
four bands. This set may also be oper¬ 
ated from 115 volts a-c or d-c. The tube 
line-up is as follows: 1T4 r-f amplifier, 
1R5 first detector-oscillator, 1P5GT 
first i-f amplifier, 1P5GT second i-f am¬ 
plifier, 1H5GT second detector—a-v-c—- 
first audio, 3Q5GT second audio output 
stage, 1G4GT b-f oscillator, 1G4GT 
noise limiter, 50Y6GT rectifier. Band 
spread is provided in the 80, 40, 20 and 
10 meter bands. 


The S-29 is supplied with its own an¬ 
tenna which is permanently connected 
in the circuit. Being telescopic, it may 
be extended to its full length of 28 
inches or it may be compressed entirely 
into the cabinet. However, an antenna 
plug is provided to facilitate the use of 
other types of antennas. 

In Figs. 5 and 6 are shown the How¬ 
ard Models 435 and 437 communications 
receivers, respectively. The 435 is a 
6-tube set, while the 437 is a 9-tube job. 

The 435 uses a 6K8G mixer oscilla¬ 
tor, a 6SK7 i-f amplifier, a 6SQ7 
a-v-c—detector—first a-f, a 6K6G out¬ 
put tube, a 6C5 beat-frequency oscillator 



Above; Fig. 5. Howard 435. 
Below: Fig. 6. Howard 437. 



and an 80 rectifier. It covers a fre¬ 
quency range of 550 kc to 43 me in four 
bands. While designed for operation 
from 105-125 volts a-c, it can be fur¬ 
nished to operate from battery supply 
or from a 6-volt source. In line with 
conventional procedure, this receiver 
has electrical band spread, a-v-c and a 
beat-frequency oscillator. 

The Howard Model 437 is a more 
elaborate unit, incorporating a stage of 
r-f preselection on all bands, noise lim¬ 
iter, i-f crystal filter, a-f and r-f gain 
controls, band spread, as well as con¬ 
nections for external battery power sup¬ 
ply and an external speaker. 

The tube line-up and functions in the 
437 are as follows: 6SK7 r-f amplifier, 
6K8G mixer oscillator, two 6SK7 i-f 
amplifiers, 6SQ7 a-v-c—detector—first 
a-f, 6K6G output, 6C5 beat-frequency 
oscillator, 6H6G noise limiter, 80 recti¬ 
fier. Like the model 435, this receiver 
covers the frequency range of 550 kc to 


43 me continuously in four bands. 

A carrier level meter to indicate the 
signal strength in microvolts is avail¬ 
able. This instrument may be used with 
either the 435 or 437 receivers. 

The National NC-100A is an 11-tube 
superheterodyne covering the frequency 



Fig. 7. National's NC-100. 

range from 540 kc to 30 me continuously 
in five bands (Fig. 7). .The circuit used 
on all ranges consists of an r-f stage, 
separate first detector and high-fre¬ 
quency oscillator, two i-f stages, an in¬ 
finite impedance diode detector and a 
transformer-coupled push-pull pentode 
output stage. The second detector util¬ 
izes one set of elements of a dual triode, 
the other triode section being used as 
a noise limiter. A second dual triode 
is used for first a-f and a-v-c. The tubes 
used for these functions are as follows: 
6K7 r-f preselector, 6J7 first detector, 
6J7 h-f oscillator, two 6K7 as first and 
second i-f, 6C8G second detector-limiter, 
6F8G a-v-c—first audio, 6J7 b-f oscil¬ 
lator, two 6F6G push-pull output, 80 
rectifier. 

The NC-100A receiver is available in 
several models differing for the most 
part in speaker size, power supply (bat¬ 
tery models available), crystal filter 
units, etc. 

The National NHU receiver (Fig. 8) 
is designed for high-frequency operation 
in the range from 27.5 to 62 me. This 
spectrum is covered in the following 
three bands: 27.5 to 36 me, 34 to 46.5 



Fig. 8. The National NHU. 


me, and 45 to 62 me. It employs a super¬ 
heterodyne circuit, using a 956 as r-f 
preselector, a 954 as first detector, a 955 
h-f oscillator, 6K7 first i-f, 6K7 second 
i-f, 6K7 third i-f, 6C8G second detec- 
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tor—noise limiter, 6C8G c-o-n-s—first 
audio, 6SJ7 a-v-c, 6SJ7 c-w oscillator, 
6V6G audio output. The power supply 
employs a type 80 rectifier. The nor¬ 
mal drain of the receiver is 65 ma at 
200 volts . . . the heater circuit takes 3 
amps at 6.3 volts. Battery model re¬ 
ceivers, with 180 volts of B supply, 
operate with a current drain of 60 ma. 

There are several unique design fea¬ 
tures incorporated in the NHU. A large 
knob on the panel slides in or out to 
engage either the tuning condenser or 
the range-changing system. Inertia type 
tuning is used with a ratio of approxi¬ 
mately 70 to 1. The pointer is positively 
driven by rack and pinion and moves 
vertically when the coil range is 
changed so that it always points to the 
proper frequency. The coils are mounted 
radially in an aluminum turret which is 
turned into position by the knob. Di¬ 
rectly above the coil turret is the three- 
gang tuning condenser. The r-f circuit 
and tubes are inside the frame of the 
condenser . . . this to give short leads 
from coils to condensers to tubes. 

The NHU is of course equipped with 
an oscillator for tuning in weak signals, 
as well as a crystal filter for obtaining 
varying degrees of selectivity. A signal 
strength meter is also incorporated. 

The RCA AR-77 communications 
type receiver is shown in Fig. 9. This 
unit is a 10-tube superheterodyne cov¬ 
ering the frequency range from 540 to 


31 me in six ranges. The circuit con¬ 
tains one tuned r-f stage, two 455 kc 
magnetite core i-f stages with variable 
selectivity crystal filter, automatic vol¬ 
ume control, and two a-f stages with 
degeneration in the output stage. 

The tube complement of the AR-77 is 
as follows: three 6SK7 r-f and i-f am¬ 
plifiers, 6K8 first detector and h-f os¬ 
cillator, 6H6 second detector and noise 
limiter, 6SQ7 a-v-c and a-f amplifier, 
6F6 audio output, 6SJ7 beat-frequency 


Fig. 10. The RME-99. 



oscillator, 5Z4 rectifier and a VR-150 
voltage regulator. 

The AR-77 is equipped with a car¬ 
rier-level meter calibrated in 6 db steps 
to S-9 and to 40 db beyond. Band spread 
is of course provided. Also available 
for this receiver is an extended range 
console type loudspeaker having a fre¬ 
quency range flat within plus or minus 
4 db from 60 to 5000 cycles, a power 
handling capacity of 10 watts and a 
voice coil impedance of 2.3 ohms at 400 
cycles. 

Fig. 10 shows Radio Manufacturing 
Engineers RME-99 receiver. This unit 
uses a 7A7 first r-f, 7B8 first detector- 
mixer, 7A4 heterodyne oscillator, VR- 
150 voltage regulator, three 7A7 i-f 
stages, 7F7 second detector and first 
audio, 7A6 noise limiter, 7A4 beat os¬ 
cillator, 7C5 output, 80 rectifier. The 
tuning range is from 540 kc to 33 me, 
with calibrated band spread being used 
from 3500 to 4000 kc, 7000 to 7300 kc, 
14,000 to 14,500 kc, and 28,000 to 30,000 
kc. An illuminated carrier level meter 
is provided. .This instrument is cali¬ 
brated in units of 6 db as well as in R 
units. A new type of crystal filter gives 
six degrees of selectivity and controlled 
phasing. In addition, this receiver has 
a noise silencing circuit as well as pro¬ 
vision for automatic gain control. A 
standard 105-125 volt 50-60 cycle power 
supply is provided, although other volt¬ 
ages and frequencies can be secured. 


Double Bias 


—continued from page 4 


ing the injector grid potential more 
negative the virtual cathode is moved 
nearer to the screen, and the charge 
density in the vicinity of the signal 
grid is increased. Thus, by controlling 
simultaneously and properly the poten¬ 
tials on the signal and injector grids, 
the input capacitance can be held con¬ 
stant, while the bias potentials operate 
to control the signal grid-to-plate trans¬ 
conductance and the gain of the ampli¬ 
fier tube. It should be noted that both 
gain-control potentials are changed in 
like sense to maintain constant the input 


capacitance and that they consequently 
are cooperative in their effect upon the 
transconductance. 

Since pentodes also have virtual 
cathodes they will operate in a man¬ 
ner similar to the 6L7 tube. Commer¬ 
cial receiving tubes of this type are not 
as adaptable to the control circuit as 
the 6L7 tube. However, worthwhile re¬ 
sults have been obtained in television 
amplifiers employing the 6AC7 tube 
where its input capacitance was the 
major tuning capacitance. 


Addendum 

Since the completion of this work 
there has appeared in the Wireless 
World of October 13, 1938, page 340, a 
brief article describing a control circuit 
similar in principle to that described 
here. A pentode was used. 

Other references of interest are as 
follows: 

D. O. North, “Analysis of the Effects of 
space Charge on Grid Impedance,” Proc. 
I.R.E., January, 1936, p. 108. 

F. B. Llewellyn, “Operation of Ultra- 
High-Frequency Vacuum Tubes,” 
BS.TJ., October, 1935, page 632. 



Fig. 9. The RCA AR-77. 


Continuous Wave Interference— continued from page 7 


sisted of the 45-mc sine-wave modulated 
oscillator and produces the horizontal 
Tars seen in the picture. A sinusoidal 
modulation was employed so that the 
interference would have every oppor¬ 
tunity to present itself, whether in the 
black, white of half tones of the pic¬ 
ture. (a) shows the raster with signal 
but without interference, (b) shows 
condition (a) but with an interfering 


sine-wave signal of equal amplitude su¬ 
perimposed. The frequency of the in¬ 
terference is about 100 kc and is syn¬ 
chronized with the horizontal scanning 
frequency to produce the vertical pat¬ 
tern. (c, d, e, f) reproduce the condi¬ 
tions of (b), but with interference lev¬ 
els of -10, -20, -30, -40 db, respective¬ 
ly. It is to be noted that (f) is indis¬ 
tinguishable from (a). 


Fig. 5 (a, b, c, d, e, f) reproduces 
the conditions of Fig. 4 (a, b, c, d, e, f) 
exactly but on the receiver with the 
cathode-ray tube having an exponen¬ 
tial characteristic (Fig. 3). 

Fig. 6 shows various television images 
taken with interference at a frequency 
of about 300 kc. The interference was 
not deliberately synchronized with the 
horizontal scanning frequency but the 
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mum insulation between live terminal and 
grounded can. Both are immersion-proof. Both 
with adjustable mounting ring. 
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or building of radio transmitting or electronic 
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interference pattern remained practical¬ 
ly steady for the period of the observa¬ 
tions. The ratios of interference to 
signal voltages are: (a), 0 db; (b) 
-10 db; (c) -20 db; (a) -30 db; (e) 
-40 db. It can be judged from a com¬ 
parison of Figs. 4 and 5 that the dif¬ 
ference in the appearance of interference 
is not sufficiently' marked to make the 
reproduction of a series of television 
images for both types of c-r tubes nec¬ 
essary. 

Fig. 7 (a, b, c) shows the effects of 
frequency on the appearance of the in¬ 
terference. The signal-interference ra¬ 
tio in each case is 20 db. (a) shows 
a very low-frequency interference such 
as may be caused by hum from the 
power-supply, (b and c) show fre¬ 
quencies of about .5 and 1 me, while 
(d) shows a frequency of about 2.5 me 
equal in intensity to the picture modu¬ 
lation. 

In Fig. 8, (a), (b) and (c) illustrate 
interference applied to the picture modu¬ 
lation and to the synchronizing circuits 
in addition to the normal synchronizing 
pulses. In (a) the signal-interference 
ratio is 20 db, in (b) 30 db, and in 
(c) 40 db. In (c) the effect of the 
interference on the signal is still to be 
noted although it is no longer notice¬ 
able as a brightness modulation. These 
observations were made to determine 
whether the interference was likely to 
be more noticeable by reason of its ef¬ 
fect on synchronization than on modula¬ 
tion; it will be appreciated that the ef¬ 
fect of interference on synchronization 
will depend to a marked degree on the 
receiver design and that it is not pos¬ 
sible to form any hard and fast conclu¬ 
sions in this connection. 

Conclusions 

The conclusions which have been de¬ 
duced from these observations are as 
follows: 

(1) If the interference is 40 db below 
the level of the picture modulation it 
will not be visible. 

(2) If the interference is 30 db be¬ 
low the level of the picture modula¬ 
tion, it is noticeable but not sufficiently 
severe to cause reduction of entertain¬ 
ment value when the picture is viewed 
from the normal distance. 

(3) If the interference is 20 db be¬ 
low the level of the picture modulation, 
it will seriously interfere with the en¬ 
tertainment value of the picture. 

(4) If the interference is 10 db below 
the level of the picture modulation, the 
resulting picture is worthless for en¬ 
tertainment purposes. 

(5) If, due to the receiver design, the 
interference is superimposed on the syn¬ 
chronizing pulses a signal-interference 
ratio of 40 db will not seriously distort 
the picture although it may be just no¬ 
ticeable. A ratio of 30 db will cause 
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serious distortion in certain types of 
receivers. 

(6) The frequency of the interference 
does not affect its annoyance value pro¬ 
viding it is higher than about 5 times 
the frame frequency and of lower fre¬ 
quency than that required to provide 
equal resolution in horizontal and ver¬ 
tical directions. If the frequency is very 
low and synchronous with the frame 
scanning (e.g., derived from power-sup¬ 
ply hum) a signal-interference ratio of 
20 db may not seriously interfere with 
reception; while at very high frequen¬ 
cies—higher than the highest modula¬ 
tion component in the system—the pic¬ 
ture is not seriously distorted even by 
interference equal to the signal. 

(7) The annoyance value of the in¬ 
terference is not affected by the bright¬ 
ness level at which the picture is repro¬ 
duced providing the picture is repro¬ 
duced with reasonable fidelity. 

(8) A simple picture such as black 
lettering on a white background with¬ 
out any half tones can be reproduced 
without appreciable loss of detail in 
the presence of considerable interference 
if the amplifier or light source is over¬ 
modulated in both the black and white 
directions. 

(9) The characteristics of the light 
source do not affect the annoyance 
value of the interference in general but 
only determines the parts of the image 
in which the interference is most vis¬ 
ible (i.e., black or white parts) in the 
same way as the characteristic effects 
the reproduction of half tones in the 
image itself. 

(10) For the condition of inter¬ 
ference-free reception (i.e., signal-inter¬ 
ference ratio in excess of 40 db) the 
signal-interference ratio at the input of 
the receiver is not in general different 
from that at the receiver output, due 
to the fact that with so minute an in¬ 
terfering signal little cross modulation 
is likely to occur in the receiver itself. 

The steps which can advantageously 
be taken to reduce the occurrence of 
continuous wave interference may be 
summarized as follows: 

First, the receiver must be adequate¬ 
ly screened against the effects of elec¬ 
tromagnetic or electrostatic induction 
fields, the power supply must be care¬ 
fully filtered and the filter currents 
earthed independently from the aerial 
earth system of the television receiver, 
otherwise filtering of the power supply 
may defeat its own object and only re¬ 
sult in increased induction into the re¬ 
ceiver circuits. Directional and polar¬ 
ized aerials must be employed where 
necessary, and the receiver fitted with 
adequate pre-selection before the first 
amplifier tube (if necessary by the ad¬ 
dition of a band-pass filter in series with 
the aerial transmission line) thus pre- 
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venting unwanted frequencies from in¬ 
troducing cross modulation by overload¬ 
ing of the first tube in the vision am¬ 
plifier. Finally, in the receiver itself, 
much can. be done by a careful choice 
of intermediate frequency to avoid the 
effects of second channel interference 
from outside, and harmonic interference 
occurring inside superheterodyne re¬ 
ceivers. 

At the source, interference suppres¬ 
sion should be effected so that the in¬ 
terference field at a reasonable distance 
from any electrical apparatus cannot 
exceed a level 40 db below the field 
strength which it is desired to protect. 
In order to achieve this, it is neces¬ 
sary: to suppress the radiation of oscil¬ 
lator frequencies and harmonics from 
broadcast and television receivers by 
means of screening, power-supply and 
aerial filtering, and (by circuit design) 
by planned layout of components earth¬ 
ing and routing of the wiring: to pre¬ 
vent radiation from medical diathermy 
apparatus by complete screening and 
power-supply filtration, and to eliminate 
radiation of harmonic frequencies from 
broadcast and amateur short-wave 
transmitters. 

A photograph of a simple high-pass 
filter with a cut-off frequency of 40 
me is shown in Fig. 9. Such a filter 
if inserted in the aerial circuit will help 
very considerably in reducing unwanted 
signal pickup and in preventing oscil¬ 
lator radiation in television receivers in 
which the oscillator frequency is lower 
than the signal frequency. 

• • • 

RADIOSONDE TECHNICIANS 
SOUGHT BY GOVERNMENT 

N connection with the National De¬ 
fense Program the United States 
Civil Service Commission has an¬ 
nounced an examination to secure radio¬ 
sonde technicians for Government Serv¬ 
ice. The salary of the position is $2,000 
a year, less a retirement deduction of 
3p2 percent. 

Persons appointed will have respon¬ 
sibility for the installation, inspection, 


and maintenance of radiosonde ground 
equipment at new stations in Alaska, 
the continental United States, and the 
Caribbean area. Applicants will be rated 
on their experience as shown in their 
applications, and on corroborative evi¬ 
dence. While experience in the instal¬ 
lation, maintenance and repair of radio 
equipment forms the greater part of the 
requirement, applicants must have had 
at least 6 months of experience in the 
installation, maintenance and repair of 
radiosonde ground receiving and re¬ 
cording equipment. It is anticipated 
that it may be difficult to secure suffi¬ 
cient qualified eligibles because of this 
specialized requirement and the fact that 
this field of activity is new. The Com¬ 
mission will, therefore, rate applications 
as they are received at the Washington 
office until further notice. Applicants 
must not have passed their sixtieth 
birthday. 

Further information regarding the 
examination is contained in the formal 
announcement, which with the proper 
application forms may be obtained from 
the Secretary of the Board of U. S. 
Civil Service Examiners at any first- or 
second-class post office, or from the U. S. 
Civil Service Commission, Washington, 
D. C. 

• • • 

PROF. NOBLE JOINS MOTOROLA 

Daniel E. Noble, professor of electrical 
engineering at the University of Connecti¬ 
cut and authority on frequency modulation, 
has resigned his position with the school 
to accept the directorship of Research & 
Advanced Development for Motorola Ra¬ 
dio, it was announced by Paul V. Galvin, 
president of the Galvin Mfg. Corporation. 

• • • 

DIODE DETECTION 

(Continued from page 10) 

order to systematize the work. Where 
possible, slide rule calculations should 
be made to shorten the work, as in the 
calculations for i CL , e n , etc. Note that 
these could also be obtained graphically, 
but the graphical process is best re¬ 
served for such work as must be done 
on the non-linear element itself, here r d . 


In the example cited, 20° intervals in 
the cycle were chosen, so that At — 1/18 
X 1/5,000 — 1/90,000 second. Then 
Z = 18,330 units, and Z = 43,400 units. 
From Eq. (29) it is evident that at the 
start (t = 0), e c = 0 volts. In addi¬ 
tion, zero initial charges are assumed 
for the two condensers. During the 
first time interval, e c is assumed to have 
the constant value of 1.2 volts, which 
it actually attains at the end of the 
time interval. Since 21 i C L = i c = 0, e n 
is therefore 1.2 volts, too. The first 
position of Z L is also evidently through 
the origin, Fig. 7, and the intersection 
with Z and a diode curve is such that 
i T — 15 {/.-amperes, and e 2 = 0.3 volts, 
while e, = 0.7 volts. Then i HL 
= 3 {/.amps., i CL = 15 — 3 = 12 {/.amps., 
and Z L 2!ici, = 0.22 volts. Similarly i R 

— 3.5 u.amps., i c — 11.5 {/.amps., and 
ZHic = 0.5 volts. Therefore Z L 2i C L 
+ Z2]icL = 0.72 volts. 

During the next time interval, At, e c 
rises to 4.7 volts. Therefore e n = 4.7 

— 0.72 = 4.0 volts. The operator Z L 
is now drawn through 0.22 volts. Its 
intersection with Z and the proper diode 
curve is at a value of i T = 50 [/.amps., 
and e 2 = 1.0 volt, while ei = 0.5 + 2.3 
= 2.8 volts. The several computations 
are then made as in the first step, and 
the process repeated. For the initial 
conditions chosen, the load loop does 
not close until about 1*4 cycles have 
been computed. It will be observed 
that the loop is flattened at the bottom, 
since i T cannot become negative. Over 
this flat part, it will be found that e n 
is negative, so that Z and Z L intersect 
on the voltage axis, and i T is therefore 
zero. The diode curve that intersects 
with the above two operators is the 
appropriate one that meets the axis e n 
units to the right of the intersection, 
and then, of course, proceeds along the 
axis to the left, as in the case of Class 
AB balanced amplifier- constructions. 
The flat portion of the loop represents 
a period of time during which the con¬ 
densers discharge through their respec¬ 
tive resistances, thus diminishing 
Hicr, and Sic, hence Z L Si C L and Z2]i c 
until their sum is less than e c , where¬ 
upon e n becomes positive once more, 
i T becomes greater than zero, and the 
loop rises once again. The steady-state 
condition is given by the narrower loop 
in the figure. 

The above circuit, however, is amen¬ 
able to fairly simple and accurate ana¬ 
lytical treatment. Thus, the a-c com¬ 
ponent of i L , or i m , is given by 

1m — e ni /(Z l + 2Z) ... (18) 

where e m is the voltage corresponding 
to the modulation envelope, and 

Z L = R' l /(1 + j'^ClRl), 

and 

Z = R/(l+j(oCR), 
where R' L is R L and R s in parallel. 
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vantages of this unit. New low 


H price. 

WMJ 

Write for Bulletin 372 


f TECH LABORATORIES 

Pat. 2,167,237 

7 Lincoln Street, Jersey City, N. J. 
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The d-c component of i L , or i c , is due 
to a voltage cor responding to the 
carrier amplitude, e c , and is given by 

i 0 =e c /(R L + 2R) .-(19) 

The percentage modulation of the 
carrier and also of the d-c output cur¬ 
rent is 


m c = im/ic 


= (e m /e c ) 


Rl + 2R 

Z L + 2Z 
R l + 2R 


— me 


2Z 


.( 20 ) 

where m G is the percentage modulation 
of the carrier voltage e c . But m c cannot 
exceed unity, since i m cannot exceed, at 
its negative peak value, ic, since then 
the diode current would be reversed, 
which is impossible. Hence the maxi¬ 
mum value of m G that corresponds to 


m c = 1 is, by Eq. (20) 
m G = (Z L + 2 Z)/(R l + 2R) ... (21) 

The terminal voltages (envelope and 
carrier) across the diode and Z L are 
related to the generated voltages e m 
and e c , respectively, by 


Z L 


eTm — Cm 

Z l + 2Z 
Rl 


( 22 ) 


e-rc — e c 

Rl + 2RJ 

The percentage modulation . of the 
terminal carrier voltage is 


IHt — eTm/CTc 

— (Cm/Cc) (Zl/Rl) 

= m 0 (Z^/Rl) 


Rl 


2R 


Z L + 2Z 
Rl + 2R 

Z L + 2Z 


.(23) 

The maximum value of m T is also unity, 
since otherwise the instantaneous volt¬ 
age would reverse across the diode, 
whereupon the latter would short out 
the signal voltage, and thus prevent the 
latter from having any appreciable re¬ 
verse value. Hence the maximum value 
of m G for m T = 1 is 


m' G — (Rl/Zl) 


Z l + 2Z 
Rl + 2R 


= (Rl/Zl) m G .(24) 

In short, the permissible value of m G 
here is greater than that given by Eq. 
(22), so that for the circuit postulated, 
clipping due to current cut-off is the 
limiting factor. The above derivation 
assumes r d is negligibly small, whereas 
the graphical construction does not. 

For the example given, m G comes out 
to be 59.3%. If R L is taken as 0.125 
megohms, m G is 54.8%, so that no great 
error was made in assuming that the 
a-c and d-c load lines are indentical. At 


{Continued on page 26) 




Presto 63-A dual speed 1 6” tran¬ 
scription table with pickup mounting 
bracket. Base plate is drilled to mount 
selector switch and scratch filter. 



Unique Presto drive system. Step 
pulley on motor shaft drives against 
rubber tire on turntable rim. Lever 
changes speed instantly from 78 to 
33V -> RPM. 


JOIN THE SCORES OF RADIO STATIONS 

that are removing the playback pickups from 
their old transcription tables and remounting 
them on the new Presto 63-A table. 


It’s a simple change to make, be¬ 
cause the Presto table is furnished 
with brackets to mount any stand¬ 
ard make of vertical or lateral pick¬ 
up and the base is drilled to mount 
your compensator controls and 
scratch filter. The entire change¬ 
over takes an hour at the most and 
costs very little. 

You’ll marvel at the reproduction 
of your transcriptions played on the 
6 3-A table. It’s the quietest, smooth¬ 
est running turntable we’ve ever 
produced and it runs for months 
at a time with no service whatever. 
The new Presto drive system—a 
heavy, live rubber tire on the turn¬ 
table rim driven by a steel pulley 
on the motor shaft—has only 2 
moving parts, requiring a simple 
adjustment once or twice a year. 
Speed accuracy is .3% — less than 
3 seconds time error on a 15 minute 
program. Vibration is negligible. 
Leading firms use and recommend 
the 63-A for playing both vertical 
and lateral recordings. 

Give new life and realism to 
your transcribed broadcasts this 


fall. Install Presto turntables now. 
Literature and prices on request. 

Recent purchasers include: 

Associated Music Publishers, Can- 
adian Marconi Co., Columbia 
Broadcasting System, Columbia 
Recording Corp., Federal Tel. & 
Tel. Co., Northern Electric Co., 
Westinghouse Radio Stations. Also 
stations KICA, WBNS, WBRW, 
WHO, WJMS, WMEX, WSYR, 
WTRY and Advertising Agencies 
Fuller & Smith & Ross, Inc., Lennen 
& Mitchell, Wm. Esty & Co., Maxon 
Advertising Agency and others. 



Presto 10-A turntable chassis only for 
mounting in existing cabinets. 


Canadian Distributor: WALTER P. DOWNS, 2313 St. Catherine St. W., Montreal, P.Q. 


□ DCCTfl RECORDING corporation 

rll E 3 I U 242 West 55th Street, New York, N. Y. 

World’s Largest Manufacturers of Instantaneous Sound Recording Equipment 
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Police Radio Equipments 


I N selecting radio equipment, the 
police communications departments 
may choose from many types of ap¬ 
paratus. While the selection of such 
equipment presents an interesting sub¬ 
ject, there are so many problems in¬ 
volved that it is beyond the scope of this 
paper. Instead we shall confine our¬ 
selves to brief reviews of some of the 
more recent apparatus announced by 
the various manufacturers. This, we 
hope, will serve to indicate in some 
measure the design trends in this field. 

Frequency Modulation 

During recent months frequency 
modulation has come to the fore. As 
this publication has often pointed out 
editorially, f-m seems to possess a num¬ 
ber of advantages for this type of ser¬ 
vice: (T) comparative freedom from 

noise, (2) minimum interference be¬ 
tween properly spaced stations on the 
same frequency, and (3) better overall 
reception with less fading caused by 
steel bridges, elevated structures, and 
the like. 

In this connection, it is interesting to 
note that the Connecticut State Police 
have installed a state-wide f-m system, 
under the supervision of Prof. D. E. 
Noble of the University of Connecticut. 
This set-up is comprised of 10 fixed lo¬ 
cation f-m transmitters (250 watts 
each) at various headquarters stations, 
as well as 225 two-way mobile units in 
patrol cars. 

The Chicago Police Department, fol- 
a demonstration conducted in that city 
(Fig. 1), issued specifications for an 
f-m installation. This system calls for 
200 patrol cars equipped with two-way 
units and 16 fixed stations. 

The Fred M. Link frequency-modu¬ 


lated main station transmitter is shown 
in Fig. 2. Designated as type 250-UFS, 
this crystal-controlled unit is rated at 
250/400 watts r-f output and is de¬ 
signed for use in the 30 to 40 megacycle 
band. Features include: indirectly illu¬ 
minated meters, safety electrical door 
interlock, and a key lock to prevent un¬ 
authorized entrance. Space is provided 
in the cabinet for the inclusion and co¬ 
ordination of a rack mounted main sta¬ 
tion receiver. Provision is also made 



Fig. 9. The Western Electric 
228A police equipment. 


for a remote control unit in the form of 
a sloping front desk console. 

Fig. 3 illustrates the Link Type 25- 
UFM frequency - modulated mobile 
transmitter. It is rated at 25 watts r-f 
output, but 30 watts may be obtained 
under continuous operating conditions. 
Like the unit just described, it is crys¬ 
tal controlled, utilizes the same phase 
shift system of modulation and is de¬ 
signed for use in the 30-40 me band. 
As can be seen, the 25-UFM is com¬ 
pletely self contained, a single chassis 
carrying transmitter, dynamotor power 
supply, relays and component parts. 

Another Link unit is the 11-UF f-m 
receiver. This unit is intended for use 
with the transmitters previously dis¬ 
cussed, being suitable for either a-c or 



Fig. 1. (Left) The 
Radio Engineering 
Laboratories f-m 
equipment used in 
the tests con¬ 
ducted for the 
Chicago police de¬ 
partment. 



Fig. 8. The RCA 50-watt head¬ 
quarters transmitter. 

d-c operation. In the circuit, both local 
oscillators are crystal controlled. Other 
features are squelch circuit, limiter ac¬ 
tion with signals less than 1 microvolt 
per meter, 40-kc r-f band width, filter to 
attenuate all frequencies above 2800 
cycles, 500-ohm output and shock 
mounting. The necessary power supply 
is furnished as a separate unit. 

The Radio Engineering Laboratories 
also have a line of frequency modulated 
transmitters and receivers for police 
use. One of the mobile units supply 25 
watts of carrier in the 30-40 me band, 
operating from a 6-volt battery. The 
frequency swing employed is 30 kc at 
100% modulation. The transmitters are 

Fig. 5. The General Electric 250- 
watt f-m transmitter. 
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equipped with filters to cut off all fre¬ 
quencies below 200 kc and above 3000 kc. 
In addition, double limiter circuits are 
employed in these crystal controlled 
units. 

Installation of the mobile apparatus 
may be made in two ways. Both the 
transmitter and receiver may be housed 
in one case in the back of the car, with 
the necessary control equipment located 
on the dashboard, or the transmitter 
and receiver may be separately mounted. 
A unique antenna tuning device is used 
between the transmitter and the car an¬ 
tenna. 

The General Electric frequency-modu¬ 
lated mobile police-radio equipment is 
shown in Fig. 4. Designed for opera¬ 
tion in the 30-40 megacycle range, it 
consists of a 25-watt transmitter, a re¬ 
ceiver and a control unit. It is avail¬ 
able for mobile operation using either 
a dynamotor or a heavy-duty vibrator 
power supply, or as a station transmit¬ 
ter using Tl5-volt 50/60 cycle power 
supply. In addition, it should be kept in 
mind that the a-c power transmitter may 
also be used as an exciter for a 250-watt 
station house transmitter. 

The transmitting equipment shown 
in Fig. 5 is the G-E 250-watt station 
transmitter designed for operation in 
the 30-42 me region. Two types of con¬ 
trol equipment are available. One is a 
simple unit, consisting of a standard 
telephone set containing in addition to 
the microphone a receiver volume con¬ 
trol and a push-to-talk button ... it is 
used where the distance between the 
transmitter and the control point is 
short. A remote unit contains a low- 


Right: Fig. 7. The 
Link Model AMTR 
mobile a-m equip¬ 
ment. 


level microphone preamplifier, an auto¬ 
matic level control and push-to-talk but¬ 
ton. 

Amplitude Modulation 

Before discussing amplitude-modu¬ 
lated police equipments, it seems well 
to point out that nearly every manufac¬ 
turer of police radio has available equip¬ 
ments for the various bands alloted to this 
type of communication. These systems 
will vary in power from 5 to 1000 watts 
depending upon the type of service for 
which they are intended. Obviously, 
then, it would be physically impossible 
to cover all of these equipments in one 
issue of this publication. As a result, 
we shall confine ourselves to a few of 
units that may have escaped the atten¬ 
tion of the reader. 

In Fig. 6 is shown a G-E Type G-12 
ultra-high-frequency station transmitter. 
This unit has an outlet of 25 watts in 


Upper left: Fig. 6. 
The G-E ultra-high- 
frequency a-m sta¬ 
tion transmitter. 


Left: Fig. 4. The 
General Electric 
mobile f-m police 
equipment. 


Lower right: Fig. 
2. The Link 250-PFS 
f-m transmitter. 


the 30-42 megacycle band. It is com¬ 
pletely self-contained, including power 
supply, speech amplifier, and modulator. 
The r-f circuit consists of a crystal-os¬ 
cillator stage and harmonic generator, 
doubler stage and final p-a stage. The 
audio circuit has three speech-amplifier 
stages, a tone oscillator and a Class AB 
modulator stage. 

The Link Model AMTR mobile 
equipment is shown in Fig. 7. This in¬ 
stallation is designed for the ultra-high- 
frequency band of 30 to 40 me. The crys¬ 
tal controlled transmitter has an out¬ 
put of 15/20 watts. The mounting 
shown is one type of weather proof 


Above: Fig. 3. The 
Link Type 25-UFM 
mobile f-m trans¬ 
mitter. 
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mounting. Left to right in the photo 
is transmitter, receiver power supply, 
and receiver. 

Referring to Fig. 8 we see the RCA 
Type MI-7821 50-watt headquarters 

transmitter- This crystal-controlled 
unit is designed to cover the range from 
30 to 40 megacycles, although models 
are available for the 1500-2600 kc band. 
This radio equipment is complete in one 
cabinet, space having been provided for 
a receiver. In case it should be desired 
to operate this equipment remotely, pro¬ 
visions have been made for a line in¬ 
put. The overall dimensions of the cab¬ 
inet are 50" by 13^6" by 12^", the 
weight 200 pounds. 

The police installation shown in Fig. 
9 is comprised of the Western Electric 
28A transmitter (left) and the 28A 
receiver. The basic units of this sys¬ 
tem are the transmitter, the receiver, 
antenna, control unit, telephone hand¬ 
set and loudspeaker. The transmitter 
includes a dynamotor for plate supply. 
It operates directly from a 6-volt bat¬ 
tery, delivering 15 watts of carrier 
power. It is intended for use in the 
30-40 megacycle range. The receiver 
is a 10-tube superheterodyne and is 
crystal controlled. 

The Collins 231C autotune transmit- 


Above left: Fig. 16. The Harvey 
Radio mobile equipment. Above 
right: Fig. 15. The Doolittle 15x 
mobile transmitter. 

ter is shown in Fig. 10. This unit is 
available in three models for 500, 1000 
or 3000 watts. It is designed to per¬ 
mit the selection of any of ten frequen¬ 
cies in the 2500 to 20,000' kc range 


Fig. 13. Two 
views of the 
S t a n c o r 
30-M equip- 
m e n t with 
cover in 
place and 
with cover 
removed. 


(1500 to 20,000 kc special). Provision 
is made for either remote or local con¬ 
trol. 

Another interesting police transmit¬ 
ter is the Harvey Wells 100-watt unit, 
designated as the 100-FT. This unit, 
which is shown in Fig. 11, is for low 
frequency police service (1500-7000 
kc). It is a single frequency crystal- 


Left: Fig. 
14. The 
Kaar cen¬ 
tral sta¬ 
tion ra¬ 
dio sys¬ 
tem. 

• 


Right: 
Fig. 10. 
The Col¬ 
lins auto- 
t u n e 
trans¬ 
mitter, 
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Fig. 12. The Bassett headquarters 
police radio telephone. 


controlled job. The tube complement is 
as follows: r-f section—813, 6L6, 6V6; 
a-f section—(2) 807, 6F6, 6SF5, 6H6 ; 
rectifier section—(4) 866, 5Y3G, 5U4G. 

The Bassett CS-50TR headquarters 
radio telephone is shown in Fig. 12. 
This unit consists of a transmitter and 
receiver operating in the frequency 
range 1.5 to 40 me. The power supply 
is of course from 115-volt 60-cycle 
source. Carrier output is rated at 25 
to 35 watts. The tube line-up for the 
transmitter is: 807, 6A6, T21, 83—for 
the receiver; 6SK7, 6SJ7, 6N7, (2) 
6S7, 6SQ7, 6SF5, 6F6, 6H6, 80. 

Another interesting unit is the Stan- 
cor 30-M transmitter kit shown in Fig. 
13. The 30-M is crystal controlled and 
operates on any frequency between 28 
and 42 me. Power is obtained from a 
6-volt storage battery using either a 
vibrator or generator. Power output is 
23 watts. This unit uses four low-drain 
quick-heating tubes . . . three HY69 and 
one 6A4. The plate circuit of the HY69 
oscillator is tuned to twice the crystal 
frequency, while a second HA 69 also 
doubles in its plate circuit and operates 
at inputs up to 32 watts. A 6A4, triode 
connected, is used as speech amplifier 
and drives a third HY69 as a Class A1 
modulator. Both the plate and the 
screen of the final HY69 are modulated. 


Fig. 11. The Harvey-Wells 100- 
watt police transmitter. 



SWlMV* 


For the 
Life of the 
Equipment 



Nothing takes the place of 
Kester Rosin-Core Solder in 
making permanent electrical 
connections. 

This famous solder is scientifically developed in Kester Labora¬ 
tories for this specific service. The especialy prepared rosin-flux elimi¬ 
nates corrosion and gives extra protection against fire hazard. 

Kester Rosin-Core Solder is specified for all types of electrical 
and radio work because it adds security and permanence to every 
installation. When circuits are soldered with Kester they require no 
further attention for the life of the equipment. 

You are cordially invited to make use of Kester's 43 years of 
soldering experience. Write Kester engineers for expert advice on 
any soldering problems. 

KESTER SOLDER COMPANY 

4231 Wright-wood Avenue Chicago / Illinois 

Eastern Plant: Newark, N. J. 

Canadian Plant: Brantford, Ont. 


KESTER 
CORED SOLDERS 


STANDARD FOR INDUSTRY 



JONES 500 SERIES 

POWER PLUGS AND SOCKETS 

A new series for heavy currents and high 
voltages. Engineered to fulfill all electri¬ 
cal and mechanical requirements. Sizes: 
2, 4, 6, 8, 10, and 12 contacts. Bulletin 
No. 500 in preparation. Apply for a copy. 

No, JO Catalog, listing our regular 
lines and many new items now ready. 

Send for vour copy today. 

HOWARD B. JONES 

2300 WABANSIA AVENUE, CHICAGO 
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WAXES 

AND 

COMPOUNDS 

FOR 

INSULATION and WATERPROOFING 

of ELECTRICAL and RADIO 
COMPONENTS 

£ such as Transformers, coils, 
power packs, pof heads, sockets, 
wiring devices, wet and dry bat¬ 
teries, etc. Also WAX SATU¬ 
RATORS for braided wire and 
tape and WAXES for radio 
parts. The facilities of our 
laboratories are at your disposal 
to help solve your problems. 


FOUNDED 1846 


llMVl MILLS, Inc. 

120 - 26th ST., BROOKLYN, N. Y. 



Complete UHF Mobile Installation 

TWO-WAY 

POLICE 

RADIOTELEPHONE 

★ 8 AND 20 WATT TRANSMITTERS 

★ CRYSTAL CONTROLLED RECEIVEfR WITH 
SQUELCH CIRCUIT AND NOISE SILENCER 

★ RUGGED AND ECONOMICAL DESIGN 

★ OUTSTANDING PERFORMANCE 

Write for complete technical specifications 

KAAR ENGINEERING CO. 

PALO ALTO, CALIFORNIA 


A Kaar central station police radio¬ 
telephone system is illustrated in Fig. 
14. This is available in several models 
for medium (1600-1712 kc or 2300-2500 
kc) or ultra-high-frequency (30 to 40 
me) use and in powers of either 8 or 
20 watts. In the figure the transmitter 
is the top unit, while the receiver is 
housed directly below. Power is from 
standard and 110-120 volt 60-cycle line. 
Complete control of the transmitter is 
from the front panel and the switch on 
the microphone. 

The Doolittle 15X mobile transmit¬ 
ter, shown in Fig. 15, uses filamentary 
type tubes that requires no power from 
car battery during stand-by periods. It 
has 20 watts power output and operates 
on frequencies between 30 and 40 mega¬ 
cycles. Crystal control, Class C final 
r-f amplifier, Class B modulation and 
push-to-talk are standard features. The 
control unit contains on-off switch, 
volume and squelch control. 

Fig. 16 shows the Harvey Radio 
PM-15 mobile equipment. This trans¬ 
mitter has 15 watts output and operates 
in the 30-42 me region. It is equipped 
with a French type handset with push- 
to-talk control. An added feature of this 
equipment is a cowl mounted safety horn 
which works through the transmitter 
output and is controlled from the dash¬ 
board through the hand microphone. 

• • • 

OVER THE TAPE 

NEELY INCREASES PERSONNEL 

Norman B. Neely, West Coast manufac¬ 
turers’ representative specializing in tech¬ 
nical equipment, announces the addition to 
his technical staff of Tom Bissett. Mr. 
Bissett enters Mr. Neely’s employ with 
a good foundation of engineering educa¬ 
tion and considerable practical experience, 
having operated his own radio service and 
sound equipment business. 

NEW NAME 

The firm of Doolittle & Falknor, Inc., has 
renamed the company Doolittle Radio, Inc. 
According to E. M. Doolittle, President of 
the company, personnel, procedure and 
policy remain the same. 

HOLLYTRAN CATALOG 

Hollywood Transformer Co. has just 
released several catalog sheets describing 
tapped equalizer inductors, input trans¬ 
formers and similar items. This company 
specializes in high-quality transformers 
and chokes supplied to customer specifica¬ 
tions and have also just released a new 
specification sheet for the customer’s use 
in asking for quotations on or ordering 
special transformers. These sheets and 
others are available on request from Nor¬ 
man B. Neely, 5334 Hollywood Boulevard, 
Hollywood, California. 

EICOR BULLETIN 

Eicor, Inc., 515 S. Laflin St., Chicago, 
have issued an interesting bulletin on their 
line of dynamotors for various types of 
service, such as police, aircraft, marine, 
etc. Copies of this bulletin may be se¬ 
cured by writing to the above organiza- 
I tion. 


Manufacturers of High-Grade Marine and 
Police Radiotelephone Equipment 
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- A GRACIOUS HOST - 
FROM COAST TO COAST 
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WHEN YOU CHANCE 
YOUR ADDRESS 

Be sure to notify the Subscription 
Department of COMMUNICATIONS 
at 19 E. Forty-seventh St., New York 
City, giving the old as well as the new 
address, and do this at least four weeks 
in advance. The Post Office Department 
does not forward magazines unless you 
pay additional postage, and we cannot 
duplicate copies mailed to the old 
address. We ask your cooperation. 













































OHMITE CATALOG MANUAL 

A new, comprehensive 96-page indus¬ 
trial catalog and engineering manual has 
been issued by the Ohmite Manufacturing 
Company, 4835 Flournoy St., Chicago. 
This book is more than a catalog—it is 
more nearly an encyclopedia of helpful 
facts and information on the selection and 
application of resistors, rheostats, tap 
switches, chokes, and attenuators. It con¬ 
tains much engineering data, handy refer¬ 
ence tables, dimension drawings, illustra¬ 
tions, special guide pages, and a manual 
of resistance measurements. Copies of the 
Ohmite Catalog 40 will be sent to engi¬ 
neers, production managers, purchasing 
agents or executives who send in their 
names on company stationery, stating their 
positions. 

RADIO RECEPTOR BULLETIN 

Ultra-high-frequency airport traffic con¬ 
trol transmitters are described in a bulletin 
issued by Radio Receptor Co., Inc., 251 
W. 19 St., New York City. Write for 
Bulletin No. 5002. 

BURTON-ROGERS BULLETIN 

Burton-Rogers Co., 857 Boylston Street, 
Boston, Mass., have issued a bulletin on 
their line of professional antennas for po¬ 
lice and fire department radio cars. Copies 
may be secured by writing to the above 
organization. 

CARTER BULLETINS 

Carter Motor Co., 1608 Milwaukee Ave., 
Chicago, have made available two inter¬ 
esting bulletins. One bulletin covers a new 
heavy-duty genemotor, while the second 
gives data on their genemotors for police, 
marine and aircraft use. 

CALL1TE TUNGSTEN EXPANDS 

The Callite Tungsten Corporation has 
added approximately 100,000 square feet 
of floor space to its facilities through the 
acquisition of a large factory property 
neighboring its main plant at Union City, 
New Jersey. This step has been made nec¬ 
essary by the general expansion of the Cal¬ 
lite business and by the transfer to Union 
City of the production of round, flat and 
shaped wire of standard and special alloys 
of the recently acquired Harris Alloys, Inc. 

NEW NAME 

The Webster Company, 5622 Blooming- 
dale Ave., Chicago, Ill., manufacturers of 
sound equipment, record changers, metal 
stampings, tools and dies, announces the 
adoption of “Webster-Chicago Corpora¬ 
tion” as their new corporate title. They 
advise that the change was made to save 
confusion in the mind of the public due 
to the fact that the product carried the 
name “The Webster Company” while the 
trade popularly referred to both the prod¬ 
uct and company as “Webster-Chicago.” 

MISSISSIPPI RIVER INSTALLATION 
CONTRACT TO GATES 

Complete radio equipment for six river 
towboats and one ground station to be lo¬ 
cated at Cape Girardeau under a recently 
authorized grant by F. C. C. has been con¬ 
tracted by Erlbacher Brothers, Cape Gi¬ 
rardeau, Mo., with Gates American. This 
is the first installation of this kind to be 
made on the Mississippi River. Each tow¬ 
boat transmitter has 100 watts power with 
provision for five-frequency operation and 
boats are equipped with especially designed 
crystal-control five-frequency receivers. 
The ground station is voice controlled and 
connected with the standard telephone ser¬ 
vice for probable service. 






FOR THOSE WHO WANT THE BEST 


Designed especially for mobile 

POLICE and AVIATION TRANSMITTERS 


HYTR0NIC LABS. DIV., Hytron Corp., Salem, Mass. 


GUARDIAN 

1623 West Walnut Street 


ELECTRIC 

CHICAGO, ILLINOIS 


Instant-heating beam tet¬ 
rode and twin triode eliminate 
battery drain during stand-by 
periods. 


GOD-FATHER to a 


RELAYS 

BY 

GUARDIAN... 


Equipment by E. W. Applobaum—Photo Courtesy Burlington R.R. 

•jc Racing across the Nebraska prairie at 75 miles an hour, the “Pioneer’' 
Zephyr gives out with a long blast. A half dozen jack rabbits in the imme¬ 
diate neighborhood shift into high. 

In Omaha—160 miles away—a crowd cheers as a champagne bottle smashes 
against the prow of the new “Silver Streak” Zephyr. 

What’s the connection? Relays by Guardian! The sound impulse pieked 
up and transmitted by short wave, actuated a Guardian Control Assembly 
which smashed the bottle and launched another Burlington Streamliner. 

Your control problem may involve distances of inches ... or fractions 
of an inch . . . instead of miles. Your mechanism may operate 100 times 
a minute instead of once in a lifetime, and crowds may never gather to see it 
happen. But no matter how simple or how complex . . . you can depend on 
Relays by Guardian to do YOUR job . . . economically and effectively. Ask 
us to offer cost-free engineering suggestions. Send a chart or diagram. 

Initial your letterhead for big new Catalog "C" today . 


Series 110 
AC Relay 

One of “Guardian’s” 
complete line of elec¬ 
trical control units 
turned out in volume 
production from 3900 
standard parts. Any 
quantity AS you want 
them — WHEN you 
want them. 


HY31Z 

Zero-bias modulator 

$3.50 net 


Use these tubes in place of the 
now obsolete cathode-type tubes 
which drain the battery even when 
the transmitter is off the air. 
HY3IZ and HY69 for 6-volt oper¬ 
ation. 12-volt series also are avail¬ 
able. 


HY69 

R.F. beam tetrode 

$3.50 net 


Thousands of HY69's sold in past year for police radio prove its superiority. 
Selected by Stancor for use in fheir 30M mobile transmitter. 

Manufacturers of radio tubes since 7927. 
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VETERAN WIRELESS OPERATORS 
ASSOCIATION NEWS 



W. J. McGONIGLE, President RCA BUILDING, 30 Rockefeller Plaza, New York, N. Y. GEORGE H. CLARK, Secretary 


Dr. de Forest's Birthday 

M ONDAY, August 26th, was a day of 
two-fold celebration for Chicago 
members of the radio industry, first the 
birthday of Dr. Lee de Forest, the “Father 
of Radio,” Honorary President of VWOA, 
and the advent of National Radio Day. 
Radio Station WGN opened the cele¬ 
bration in the afternoon by presenting Dr. 
de Forest to their listening audience in an 
interview in which he told of his first ex¬ 
perimental work in Chicago forty years 
ago. 

Two hundred members, representing all 
branches of the radio and communications 
industries, attended a banquet at the Drake 
Hotel Monday evening to pay homage to 
Dr. de Forest on his 67th birthday. U. A. 
Sanabria, President of the American Tele¬ 
vision Laboratories, introduced Dr. de 
Forest, who told of his early days in the 
development of radio tubes and related 
many amusing anecdotes connected with 
his pioneering work with the wireless tele¬ 
phone and radio. 

Guests at the speaker’s table were William 
Halligan, President of The Hallicrafters, 
Inc., and Chairman of the Chicago Chapter 
of VWOA; E. S. Riedel, General Sales 
Manager of Raytheon Production Corp.; J. 
K. Johnson of Hazeltine Laboratories; Lt. 
Com. R. Ii. G. Mathews, representing the 
ARRL; “Nick” Carter of Carter Manu¬ 
facturing Company; Peter Jensen of Utah 
Radio Parts Company, all of whom deliv¬ 
ered short talks on their early days in radio 
and paid tribute to the work of Dr. de 
Forest. Mr. Riedel presented Dr. de Forest 
with a miniature Raytheon tube watch 
charm and chain, the smallest commercial 
tube now manufactured. Mr. Halligan 
read a letter forwarded to Dr. de Forest 
by the Federal Communications Commis¬ 
sion outlining the position of amateurs in 
present-day broadcasting. 

Two mammoth birthday cakes were 
served, each piece containing a small spear- 



Left to Right: William Halligan, Dr. 
Lee de Forest and E. S. Riedel at 
the de Forest's birthday celebration 
in Chicago. 

shaped glass from which a toast was drunk 
to the health and future happiness of Dr. 
de Forest. A presentation was made of an 

Robert J. Stahl, Jr M (right) winner 
of the Marconi Scholarship, being 
interviewed by Hal Styles (left), 
while Stahl Sr. looks on. 



ornate hand-made glass motif with the fig¬ 
ures “67” forming the center design. Dr. 
de Forest made an eloquent closing address 
to the members of the industry. 

During his stay in Chicago, Dr. de For¬ 
est collaborated with Sanabria in the 
American Television Laboratory, complet¬ 
ing the work on their new Pilotless Tele¬ 
vision Torpedo Plane. 

De Forest Day at S. F. 

The following radiogram was sent by 
our prexy to : 

“Hal Styles, Chairman, Los Angeles- 

Hollywood Chapter, Veteran Wireless 

Operators’ Ass’n : 

“Unanimously acclaimed by scientific 
societies the world over as one of the 
greatest of modern day scientist-inventors 
and unquestionably a benefactor of man¬ 
kind without peer, Dr. Lee de Forest, the 
genius of radio, well deserves the tribute 
you pay him this ‘Lee de Forest Day* at 
the San Francisco World’s Fair. Beloved 
by all who have the privilege of knowing 
him, our Association of Veteran Wireless 
Operators, to fittingly commemorate this 
day, takes pride and pleasure in presenting 
the highest honor within our power to 
bestow—the Veteran Wireless Operators’ 
Association Gold Medal of Honor—to Dr. 
de Forest in appreciation of his magnifi¬ 
cent efforts and accomplishments in the 
radio art. Our Association collectively 
and our officers, directors and members 
individually extend to Dr. de Forest on 
this memorable day our most sincere good 
wishes for his continued good health and 
happiness. George Clark, one of Dr. de 
Forest’s earliest co-workers and a wire¬ 
less pioneer in his own right—now our na¬ 
tional secretary—joins me in sending most 
affectionate regards to Doc. We salute ‘Lee 
de Forest Day’ at the San Francisco 
World’s Fair. 73.—Bill McGonigle, Na¬ 
tional President, Veteran Wireless Oper¬ 
ators’ Association.” 


Diode Detection ^“continued from page 19 


low modulation frequencies the con¬ 
struction of Fig. 2 is permissible, since 
C L and C have negligible susceptance. 
The maximum permissible modulation 
is then given by Eq. (6), and for this 
example comes out to be 92.3%. 

In Fig. 8 has been plotted the load 
loop for a 20-volt generated carrier 
wave modulated 59.3% by a 5,000-cycle 
frequency. The equation of the en¬ 
velope is therefore 


e c = 20 —11.9 cos (2^5000 t) ...(25) 
It will be observed that the loop is just 
perceptibly flattened, and this is not 
only considered good agreement with 
Eq. (22), but also that Eq. (22) is 
definitely a maximum value for the per- 
missable modulation, since “clipping” 
just occurs for' this value. In passing, 
it is well to note that rarely if ever, is 
such high modulation encountered in 
practice at such a high modulation fre¬ 


quency. The question may still arise 
in the reader’s mind as to what happens 
when a strong low frequency and weak 
high frequency complex modulation 
wave is impressed. This can be 
answered by the graphical method, but, 
unfortunately, each wave shape re¬ 
quires individual treatment. This ques¬ 
tion in general has never been satisfac¬ 
torily answered for a whole host of non¬ 
linear circuit problems. 
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ROCHESTER FALL MEETING 


T his year the Rochester Fall Meeting 
will be held on November 11, 12 and 
13. The place, as usual, will be the Saga¬ 
more Hotel, in Rochester, N. Y. 

While the complete program for this 
gathering will appear in our October issue, 
we present here a tentative schedule of the 
technical papers to be given at this meeting. 

MONDAY, NOVEMBER II 

9:30 A. M.—Technical Session 

“Measurement of Electrode Tempera¬ 
tures of Tubes during Exhaust and 
Operation,” A. D. Power, RCA Mfg. 
Co., Radiotron Division. 

“Notes on the Use of Inverse Feedback 
in Electric Phonographs,” Henry P. 
Kalmus and Dorman D. Israel, Emer¬ 
son Radio & Phonograph Corp. 

“Recent Improvements in Frequency 
Modulation Receiver Design,” J. A. 
Worcester, General Electric Co. 

2:00 P. M.—Technical Session 

“The Role of the Limiter in F.M. Noise 
Suppression,” C. W. Carnahan, Zenith 
Radio Corp. 

“The Application of Inductive Tuning 


to Ultra-High Frequencies,” B. V. K. 
French, P. R. Mallory & Co. 

“A Phase Curve Tracer for Television,” 
Bernard D. Loughlin, Hazeltine Serv¬ 
ice Corp. 

TUESDAY, NOVEMBER 12 

9:30 A. M.—Technical Session 

Annual Message of RMA Director of 
Engineering, Dr. W. R. G. Baker, 
General Electric Co. 

“Common-Channel Interference from 
Two Frequency Modulated Signals,” 
H. A. Wheeler, Hazeltine Service 
Corp. 

“Radio Tubes Today,” R. M. Wise, 
Hygrade Sylvania Corp. 

2:00 P. M.—Technical Session 

“The Coaxial Tuning Condenser,” 
Frank W. Godsey, Jr., Sprague Spe¬ 
cialties Co. 

Subject and Speaker to be announced 
later. RCA Mfg. Co., Victor Division. 

6:15 P. M.—Fall Meeting Dinner (Stag) 

Toastmaster : A. F. Van Dyck. 
Speaker: J. S. Knowlson. 


Subject: The Radio Industry. 

WEDNESDAY, NOVEMBER 13 

9:30 A. M.—Technical Session 

“Special Oscilloscope Tests for Tele¬ 
vision and Waveforms,” A. V. Lough- 
ren and W. F. Bailey, Hazeltine Ser¬ 
vice Corp. 

“Extending the Range of Audio Repro¬ 
duction,” H. F. Olson, RCA Mfg, Co., 
Victor Division. 

“The Kettle Drum Baffle,” R. T. Bozalc, 
Bozak Associates. 

“Improvements in High Fidelity Audio 
Frequency Amplifiers,” Lincoln Walsh, 
Consulting Engineer. 

2:00 P. M.—Technical Session 

“The Evolution of a New Type of Met¬ 
al Receiving Tube,” D. W. Jenks, Gen¬ 
eral Electric Co. 

“Discussion of Fluorescent Materials,” 
B. F. Ellefson, Hygrade Sylvania 
Corp. 

“Summary of the Significance of the 
Papers at This Meeting,” Donald Fink, 
McGraw-Hill Publishing Co. 


THE MARKET PLACE 


CINEMA ENGINEERING CONTROL 

The Cinema Engineering Company has 
just announced their Model 1658 attenua¬ 
tor. This unit, although in the lower 
brackets, has 2% wire wound resistors, 
reamed sleeve bearing and ground shaft 
and precision surfaced contact points em¬ 
bodying the same precision and careful 
workmanship found in the higher-priced 
C-E Controls. The 1658 control is avail¬ 
able as a 20-step ladder attenuator to all 
standard specifications. A similar unit is 
also available in a potentiometer control. 
A catalog sheet is being issued on this item 
and is available on request to the Cinema 
Engineering Company, 5334 Hollywood 
Boulevard, Hollywood, California. 

POWER LEVEL RECORDER 

A new power level recorder has been 
made available by Sound Apparatus Co., 
150 W. 46th St., New York City, for 



making an automatic record of the trans¬ 
mission characteristics of any electro acous¬ 
tic apparatus. The instrument can be 
equipped with various types of input po¬ 


tentiometers . . . available are db poten¬ 
tiometers in steps of L?, Ya an< 3 1 db, as 
well as linear and phon potentiometers for 
making loudness measurements. The in¬ 
strument is built for 110 volts, 60 cycles. 
Literature is available from the manufac¬ 
turer. 


flange and improves electrical characteris¬ 
tics. Round, square or rectangular bobbins 
of any size can be made with the same 
degree of accuracy. Complete information, 
literature and samples of these new bob¬ 
bins can be obtained by writing to the 
manufacturer. 


COIL BOBBIN 

A new type of electric coil bobbin has 
been developed by the Precision Paper 
Tube Company, 2033 Charleston Street, 
Chicago, that enables manufacturers of 



small motors, relays, solenoids, reactors, 
photo electric devices and other electrically 
actuated equipment, to use the bobbin coil 
rather than the layer wound coil. These 
new bobbins are made of either Kraft or 
Fish paper, or a combination of both, de¬ 
pending on the requirements. The paper 
is spirally wound on a steel die on auto¬ 
matic machines to form a tube of conveni¬ 
ent length, which is cut into proper bobbin 
sizes. The flanges are of vulcanized fibre, 
die cut to the exact size and shape and 
pressed over the ends of the tubes. The 
ends of the tubes are swaged, locking the 
flanges in place. Impregnating the bobbin 
with a special lacquer increases its strength 
and forms a seal between the tube and 


ELECTRONIC LABS. BULLETIN 

Electronic Laboratories, Inc., 122 W. 
New York St., Indianapolis, Indiana, have 
issued two new pieces of literature cover¬ 
ing their line of converters and custom 
built power supplies. Copies may be se¬ 
cured by writing to the above organiza¬ 
tion. 


KELVIN-WHEATSTONE BRIDGE 

A portable instrument combining the fea¬ 
tures of the Kelvin and Wheatstone bridges 
has been made available by Shallcross Mfg. 



Co., 10 Jackson Ave., Collingdale, Pa. To¬ 
tal resistance range is from 0.00001 ohm to 
11.11 megohms.. It may be secured either 
with or without a galvanometer. Write to 
the manufacturer for bulletin 146-2G. 
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Individualized to meet your 
specific instrument design 
specifications. 

Clare Relays are available 
in innumerable coil, contact, 
adjustment and timing com¬ 
binations—accurately made 
of quality material. 

Clare engineers welcome an 
opportunity to assist you in 
your problems. Personal at¬ 
tention will be given your 
inquiry. 


C. P. CLARE & CO. 

LAWRENCE & LAMON AVES. - - - CHICAGO 
(5 East 26th St., New York City 



Write for 
CLARE RELAY 
LITERATURE 



Thomas & Skinner 

Steel Products Co. 

1113 E. 23rd Si. Indianapolis/ Ind. 


AUDAK CUTTER 

The Audak Co., 500 Fifth Ave., New 
York City, announce a High Fidelity cut¬ 
ter which, it is said, overcomes distortion 



and has a flat response to over 9,000 cycles. 
The new cutter is available in three models : 
H2, H3, and H4, in various price ranges. 
A descriptive bulletin may be obtained di¬ 
rectly from Audak. 

GLASS WORKING LATHE 

The Eisler Engineering Company, 740- 
770 South 13th Street, Newark, New Jer¬ 
sey, has developed a horizontal butt seal¬ 
ing and general glass working lathe No. 
103-XB. This type of machine is employed 
extensively for the production of large elec¬ 
tronic tubes where metal and glass have to 
be sealed together and various other cylin¬ 



drical glass work can be performed. The 
machine will take tubing up to 6" in diame¬ 
ter and can be supplied for larger sizes. 
A great many operations can be performed 
on this machine, some of which are: (1) 
flare making, (2) stem making, (3) butt 
sealing, (4) “T” sealing, (5) glass pierc¬ 
ing) (6) sealing metal to glass, (7) draw¬ 
ing and shaping of glass, etc. 

DISTORTION SET 

The Hewlett-Packard Co. has just re¬ 
leased their 320A distortion measuring set. 
This unit was designed to meet the demand 
for a reasonably priced item to allow radio 
stations, laboratories, public-address oper¬ 
ators and maintenance men to make distor¬ 
tion measurements quickly and easily. The 
320A may be used with any signal gener¬ 
ator and oscilloscope to give distortion 
readings at two different frequencies. Sev¬ 
eral other new instruments are just being 
released and literature describing the en¬ 
tire line will be sent on request to the 
Hewlett-Packard Company, 481 Page Mill 
Road, Palo Alto, California. 

CERAMIC TRIMMER CAPACITOR 

Fixed plate bonded to the ceramic base, 
eliminating the variable air film. Variable 
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—MICO— 


ENGRAVER 



For lettering panels of steel, aluminum, 
brass, or bakelite, or for marking fin¬ 
ished apparatus. 


Attachments adapt it to small or large 
work on flat or curved surfaces. 

Excellent engraving can be produced 
by an inexperienced operator- 

Widely used for production as well _as 
occasional engraving. 

Samples of work and catalogues 
on request. 

Price with Type—$113.50 

Mico Instrument Co. 

18 ARROW STREET 

CAMBRIDGE, MASS. 


plate rotates on a ground ceramic surface. 
Equally stable at all capacity adjustments. 
Provides negative temperature compensa¬ 



tion of .0006 mmfd/mmfd/°C. Power factor 
less than 0.1%. Capacity change with 
humidity or temperature cycling less than 
0.5%. Available capacity ranges 2 to 6, 3 
to 12, 7 to 30, 60 to 75 mmfd. Manufac¬ 
tured by Centralab, Milwaukee, Wis. 

CABLE CONNECTORS 

A new line of co-axial cable connectors 
has just been introduced by the Selectar 
Mfg. Corp., 30 W. 15th St., New York 



0* ’3 is 3 s **■ @ s 


City. Designed for commercial airlines, 
the new connectors are also suitable for 
mobile and stationary installations and are 





























said to simplify the connecting of gas- 
filled high-frequency transmission lines. 
Obtainable in various sizes, types and 
models to accommodate transmission lines 
3 A", \ Z A" and y%' . Extensions, elbows, 

antenna terminals and chassis types are 
available in various sizes. 

RECORDING MOTOR 

Alliance Manufacturing Company, Alli¬ 
ance, Ohio, announces its new Model 90 
recording motor and turntable assembly 
designed for use with individual feed and 
cutter designs. It makes available an in¬ 



expensive turntable and motor assembly 
suitable for incorporation in individual 
complete recording mechanism. The motor 
is available with 9" turntable only, being 
designed to record up to 8" blanks with 
good speed regulation. The assembly is 
of the friction drive type. 

TRANSMITTING CHOKE 

The problem of energy absorption by 
radio-frequency chokes when used in trans¬ 
mitting circuits has been simplified, accord¬ 
ing to the manufacturer of the r-f choke 



illustrated above. It is known as the Type 
R-175 and is designed for use on the 1.7, 
3.5, 7.0, 14.0 and 28.0 megacycle bands. 
This choke is suited for parallel as well as 
series fed circuits employing a maximum 
d-c plate supply of 3000 volts, and the wide 
band choke operates successfully in paral¬ 
lel fed circuits without appreciable energy 
Joss. National Company, Inc., Malden, 
Mass. 



JOHN E. LINGO & SON, INC. 


proven performance 

in FIVI operationl 

Lingo has set a new pace in the FM field. The Turnstile 
Antenna developed and tested by Lingo has been proven by 
years of experience and tests as ideal for FM transmission. 
Now, when you are ready . . . Lingo will be ready too, to 
provide this proven antenna, specially designed (for installa¬ 
tion) either on your building or on your supporting towers. 
We would like to send you information about these extraordi¬ 
nary antennas and how we are equipped to furnish complete 
turnstiles comprising the essential tubular steel mounting pole, 
elements, insulators, wires, bands, etc. 

COMPLETE TECHNICAL DATA ON REQUEST 

Our engineering staff will be pleased to assist you, without 
obligation, in the development of your FM plans. Inquiries 
should indicate planned frequency, number of turnstile bays 
desired, location and height of building or supporting tower* 



Jex ssssst^ssa ^ * ■* 

worij* <■» feature* which 

Th i-u J?J!Z23mS the radio broadcasting field, 
contribute to its usefulness in cdcQUENCY RANGE: 20 to 

REFERENCE LEVEL: New stand- * f^^ykles. 

„rd oft mw. in 400 ohms. IMPEDANCES: Did selection of 

METERS: New Type 30 stond- * ' u ^f* efwork input and load 

ATTENUATION RANGE: Zero * ^maTCH ADDITIONS: No 

from rrrU to +45 db. ^ « aa 

TYPE 6C TRANSMISSION measuring SET. $ JZD. 

y/rite for additional technical information. 

-up rv a vEN COMPANY 

I t - •./ a r>i/ mpw IFRSEY 


NEWARK. NEW JERSEY 


15 8. S.U MM IT S TR E E! 


The Type 6C was developed in co-ordination with the engineering department 
of the Columbia Broadcasting System 
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MOBILE ANTENNAS 

Brach offers several types of antennas 
in the police radio field. The Brach PA- 
83T is suitable for the lower frequency 





part of the u-h-f police range and the 
Brach Pa-72T for the high-frequency end. 
Both of these antennas are constructed of 
chrome molybdenum steel tubing specially 
tempered and finished in a deluxe satin 
chrome triple plate finish. Monel plug-in 
joints are used throughout. The No. 
PA-38M and No. PA-27 M non-corrosive 
monel antennas are of the plug-in type 
and are suited for use as an end-fed or 
grounded antenna. The end-fed antenna 
mount No. RA-3 is designed to provide 
low loss entrance through the body of jthe 
car, and fits all surfaces regardless of body 
contour. All metal parts are constructed of 
brass, triple plated with a chrome finish. 
For receiving purposes Brach offer No. 
PA-IR-54, a single section 54-inch chrome 
molybdenum antenna with special cowl 
mounting. L. S. Brach Mfg. Corp., 55 
Dickerson St., Newark, N. J. 

INSTANT HEATING TUBES 

A new instant-heating twin-triode has 
been added to the Hytron line of trans¬ 


mitting tubes. The HY31Z, as it is known, 
contains two high-mu triode sections, hav¬ 
ing characteristics that make the tube 
suited for zero-bias Class B modulator 
applications. 

The HY31Z has a continuous-service 
maximum rating of 500 volts at 150 ma for 
both sections and when operated at this 
rating an undistorted output of approxi¬ 
mately 50 watts is obtainable. This tube 
uses an instant-heating thoriated-tungsten 
filament having such characteristics that 
the filament and plate-supply motor, genera¬ 
tor can be turned on simultaneously with¬ 
out damage to the tube. It was designed 
as a companion to the HY69, instant-heat¬ 
ing beam power tetrode. When used to¬ 
gether, these two tubes make possible the 
design of mobile equipment which is in¬ 
stant-heating in operation and, therefore, 
requires no battery drain during standby 
periods. 

Of interest to users of the HY69 is the 
fact that this tube is now available in an 


improved construction utilizing ceramic 
internal insulator. Both the HY31Z and 
HY69 are products of the Hytronic Lab¬ 
oratories Division of the Hytron Corpora¬ 
tion, 76 Lafayette St., Salem, Mass. 


TARTAK-UN1TED TELETONE 

Paul H. Tartak, President of the Oxford- 
Tartak Radio Corp., has just acquired a 
substantial interest in the United Teletone 
Corp., speaker manufacturers, located in 
Stamford, Conn. 
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IN PURSUIT OF HAPPINESS . . * Plan a visit to The 

Chelsea. Laze on the Sundeclc. Dine superbly in our beautiful room 
at the ocean’s edge. Ride, golf, bicycle. Relax to daily concert 
and dinner music. Or visit our magnificent new Bar, where choice 
wines and liquors are always available. 

SPECIAL FALL RATES—AMERICAN OR EUROPEAN PLAN 
WRITE FOR BOOKLET AND FURTHER INFORMATION 


Motel Ckeitaea 

ON THE BOARDWALK 
ATLANTIC CITY, N. J. 


II 
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KAkPE BETTER Tn 



• The combination of high tensile 
strength that assures a lasting bond, 
and faster, cleaner work made pos¬ 
sible by quick - acting flux of pure water 
white rosin, has given Gardiner Rosin-Core Solder an 
outstanding reputation for efficiency and economy on radio 
work by expert or amateur. Yet, due to modem production methods and big sales, 
Gardiner Solders cost less than even ordinary kinds. Made in various alloys and 
core sizes . . . and in gauges as small as 1/32 of an inch . . . in 1, 5 and 20 lb. spools. 



f ardiner 


4819 S. CAMPBELL AVENUE 


CHICAGO, ILL. 



We manufacture a complete line of equipment 
Spot Welders, eleetrie, from Va to 500 KVA; 
Transformers, special and standard types; Incandes¬ 
cent Lamp Manufacturing Equipment; Radio Tubes, 
Ex- Ray, Cathode Ray, Photo Cells, Eleetronlo 
Equipment Vacuum Pumps, etc. Tungsten Slugs, 
Rod and Wire Manufacturing Equipment; General 
Glass Working Machines and Burners; Collage 
Glass Working Units for students and laboratory; 
Photo-Flash Lamp Equipment; Noon Sign Manu¬ 
facturing Equipment; Thermos Bottle Equipment; 
Wire Butt Welders; A.C. Are Welders from 100 to 
400 Amps. CHAS. EISLER. Pres. 



EISLER ENGINEERING COMPANY 


741 So. 13th St. (Near Avon Ave.) 


Newark, New Jersey 



UNIVERSAL MICROPHONE CO., LTD., 
Inglewood, Calif., U. S. A. 


PROFESSIONAL RECORDER 

Conceded everywhere as THE pro¬ 
fessional machine for professional 
use and results. Undisputed lead¬ 
ership for over 6 yrs. as the stand¬ 
ard all-purpose recorder. Time 
tested all over the world by schools 
and colleges, stations, recorders 
and laboratories. Engineered for 
long and continuous service. Heavy 
and rugged, weighs approx. 225 
lbs., 16 in. turntable, 100% syn¬ 
chronous motor, new full freq. cut¬ 
ting head, patented lead screw, 
belt drive. At your dealer or jobber. 


ENGINEER WANTED 


Leading parts manufacturer has opening for electro-mechanical 
engineer with knowledge and experience in the design of attenuators 
for communication systems. Position affords worthwhile opportunity. 
Give full details. All replies confidential. Our own organization 
knows of this advertisement. Box No. 940, c/o Communications, 
19 E. 47th Street, New York City. 


When You Renew Your Subscription to 

COMMUNICATIONS 

Remember the Group Rate — $1.00 a year for 
four or more subscriptions. 

Regular Rate—$2.00 a year in U. S. A.— <3 - 0 0 fat foreign countries 


LINK 


Emergency and police u-h-f radio equipment of superlative 
performance •••••• 

LINK u-h-f, frequency-modulated and amplitude-modulated 
radio apparatus is today the preference of leading radio en¬ 
gineers and technicians throughout the country • • 

Public utilities; state, county and municipal police; various 
government groups and many others are more and more 
specifying Link radio • • • • • 

Imitation is the sincerest flattery. LINK equipment is fre¬ 
quently imitated but never duplicated . Original in design 
and exceptional in construction, it is low in maintenance and 
operating costs •••••• 

LINK emergency and police F-M utilizes the Armstrong 
phase shift system, of frequency modulation. Hundreds of 
units In field service and many months of continuous opera¬ 
tion preclude any doubt as to its definite superiority and 
leadership • ••••• 

There are also available equally outstanding designs of crys¬ 
tal-controlled heterodyne frequency monitors, transmitting 
and receiving antennas, intermediate-frequency transmitters 
and receivers, broadcasting station equipment and many 
other special electronic developments • • • 

LINK frequency-modulated emergency and police radio 
equipment is licensed under the patents of Major E. H, 
Armstrong • ••••• 

For the best In communications—specify LINK . 


FRED M. LINK 

125 West 17th Street 
New York City 



IEZ0 Electric Crystals Exclusively 

* Quality crystals for all practical frequencies sup¬ 
plied SINCE 1925. Prices quoted upon receipt 
of your specifications. 

Oar Pledge: QUALITY FIRST 

SCIENTIFIC RADIO SERVICE 


UNIVERSITY PARK HYATTSVILLE, MD. 



VULCANIZED FIBRE 
PHENOL FIBRE 
TAYLOR INSULATION 


TAYLOR FIBRE CO., Norristown, Pa. 


F-M TRANSMITTERS 

T WO frequency-modulated broadcast 
transmitters designed for high fidelity 
broadcasting and other special communica¬ 
tion services have recently been announced 
by RCA Manufacturing Co. While both 
models are for operation in the 26 to 108 
megacycle range, one model is for f-m 
broadcasting only while the other has fa¬ 
cilities for either f-m or a-m operation. 
Both transmitters are designed for power 
output pi 1000 watts into a 70 to 600 ohm 
transmission line. 

The audio input can be optionally con¬ 
nected for response within plus or minus 
one db from 30 to 15,000 cycles of either 
a flat or RMA standard pre-emphasis char¬ 
acteristic. The latter is flat to 500 cycles, 


plus 16 db at 10,000 cycles, and plus 20 db 
at 15,000 cycles. 

An audio input level of plus 8 vu is re¬ 
quired for 75-kc swing (100% modulation) 
with a single test frequency. Average 
transmission requires approximately zero 
vu audio input for 75-kc swing. The audio 
distortion of both sets is guaranteed to be 
less than 2% RMS at 75-kc swing. 

• • . • 

AIRCRAFT INSTRUMENT PANEL 
ILLUMINATION 

NE of the more important discoveries 
in connection with recent airplane de¬ 
velopment is a method of instrument panel 
illumination perfected by Electronic Labor¬ 
atories, Inc., of Indianapolis. 


The new method of illumination, known 
as black light or ultra-violet-ray instru¬ 
ment panel illumination, is made possible by 
the recent development of the small 4- and 
6-watt fluorescent lamps. 

Working in conjunction with U. S. 
Army Air Corps engineers, Electronic 
Laboratories has incorporated the fluores¬ 
cent lamp in a special type holder with a 
Corning black glass surface on top and 
an open vent below. Beneath the outer 
surface of the holder is a shutter which 
can be easily rotated to regulate the 
amount of light on the instrument panel. 

An important feature of the lamp is that 
the spectrum light band attained has no 
detrimental effects on the eyes or skin and 
yet has almost maximum effect on phos¬ 
phorescent material which may be used in 
the instrument dials, it is said. 
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66 Relay ed -Flux” 
Microdyne 



ALMOST important wide 
range development 
since the advent of the pick¬ 
up in 1926. The “RELAYED- 
FLUX” principle makes pos¬ 
sible a moving system, far 
beyond anything yet devised 
. . . a system that actually 
approaches the theoretical 
ideal of zero mass ... a 
system capable of reproduc¬ 
ing all the fine detail en¬ 
graved at the original re¬ 
cording. 


• Flat within ± V/i db to over 
10,000 cycles. 

• Delivers consistently uni¬ 
form response, with the 
sharp, clean-cut definition of 
the finest Moving-Inductor 
system. 

• Vibratory - Momentum near 
vanishing point. 

• Absence of distortion. 

• Free-floating stylus. 

• Designed for and equipped 
with Jewel Point. 

• Point - pressure about 18 
grams. 

• Immune to climatic changes. 

• Complete with special arm. 


Write for details on this truly 
remarkable development. . . . 
Also on the NEW A U D A X 
HIGH FIDELITY CUTTERS. 
Microdyne models for every 
purpose. 


AUDAK CO. 

500 FIFTH AVENUE 
NEW YORK CITY 

Creators of High Grade Electrical 
And Acoustical Apparatus since 1915.” 
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Determine Resistor 
Values for Pads 

without resorting to extended 
calculations. 

USE THE 

McPROUD PADGET 

to SAVE TIME and 
INSURE ACCURACY 
in Attenuator Design 

Supplies data for all commonly 
used 500-ohm pads and most un- 
symmetrical pads. 

PADGET is an indispensable aid to 
every radio and electronic engineer 
and technician. Easier to use than a 
slide rule. 

PRICE $ 1.25 Net 

Complete with carrier envelope 
and instructions, Money refunded 
without question if not entirely 
satisfied . 

DISTRIBUTORS, 

write for quantity discounts . 

NORMAN B. NEELY 

1656 N. Serrano St., Los Angeles, Calif. 



Radio Engineers 

who are 

RADIO AMATEURS 

buy a fresh copy today of the 

RADIO AMATEUR 
CALL BOOK 

The CALLBOOK is the only 
publication that lists all licensed 
radio amateurs in the United 
States and foreign countries. 

Complete . . . Accurate . . . Up-to-Date 
Issued Quarterly 

MARCH . . . JUNE . . . SEPTEMBER 
and DECEMBER 

Annual subscription $4.00 
Single copies $1.25 

Buy your copy novo from your radio jobber 
or direct from: 

Radio Amateur Call Book, Inc. 

608 S. Dearborn St., Chicago, III., U. S. A. 
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frequency in cycles per second 


OSCILLATOR 

MJIAL K4KJI 

GENERAL RADIO CO. 
m whiw rngfr* ** 

PATEKT «MWW 


SAL UN SAL 


HARMONIC CONTROL 


OUTPUT CONTROL 


5000 n 


FREQUENCY MULTIPLIER OUTPUT IMPEDANCE 


INCORPORATING an inverse feedback circuit of very high selec¬ 
tivity, the G-R Type 608-A Oscillator supplies good output at twenty- 
seven discrete audio frequencies remarkably low in harmonic distortion. 
This oscillator makes possible bridge measurements at the lowest au¬ 
dio frequencies with considerably higher accuracy than has been possi¬ 
ble heretofore. It provides a very rapid means for obtaining a large 
number of audio frequencies for testing. In the broadcasting station its 
use, with suitable auxiliary equipment, for harmonic distortion mea¬ 
surements has become quite general. 


FEATURES 

0 WIDE FREQUENCY RANGE —20 to 15,000 cycles in 27 steps se¬ 
lected immediately by two push-button switches; any additional 
frequencies within this range can be obtained by connecting three 
resistors to appropriate terminals. 

9 ACCURATE CALIBRATION —within ± 2% or 1 cycle of the fre¬ 
quency engraved on the panel. 

• GOOD STABILITY —at room temperatures the frequency will not 
drift more than 1% over a period of several hours. 

0 THREE OUTPUT IMPEDANCES —500-ohm balanced to ground; 
500-ohm unbalanced; 5,000-ohm unbalanced . . . selected by push¬ 
button switches. 

0 LOW HUM LEVEL —less than 0.05% or 0.1 millivolt. 

0 EXCELLENT WAVEFORM — adjustable by means of harmonic con¬ 
trol on panel; at maximum power output harmonics are 5% of out¬ 
put voltage; when output voltage is reduced by 10% total har¬ 
monic content is reduced to 0.2%; harmonics can be reduced to 
less than 0.1% for all output frequencies with the 5,000-ohm out¬ 
put circuit. 

0 MAXIMUM OUTPUT POWER —with the 5,000-ohm circuit, ap¬ 
proximately 0.5 watt; with the 500-ohm circuits, 80 milli-watts. 


TYPE 608-A OSCILLATOR.$260.00 

• WRITE FOR BULLETIN 634 FOR COMPLETE DATA 


GENERAL RADIO COMPANY MASSACHUSETTS 















"HAD TO RE-ADJUST FINA 


AMPLIFIER COUPLING CII 
BECAUSE OF 




Tv C *,jf 


writes L W. STINSON, NVOO 


L. W. STINSON 


“The two continuously variable 
xooo mmf Lapp gas-filled con¬ 
densers were originally ordered 
as part of a plan to change over 
our 50 kilowatt transmitter to 
a modern high-efficiency type 
of circuit. Plans did not call for 
an immediate changeover, so they were installed 
in the regular circuit to replace the solid di¬ 
electric condensers in use. For this temporary 
installation the variable capacitance feature was 
used only to adjust the unit to a fixed value with 
a radio frequency bridge; minor changes were 
made in the neutralizing circuits and the Lapp 
units inserted in the same postion as the old 
bank of twelve mica capacitors. 
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“Wehadnotanticipated 
that the increase of ef¬ 
ficiency due to the gas- 
filled units would neces¬ 
sitate re-adjustment of 
the final amplifier coup¬ 
ling circuits but such 
was the case, as the in¬ 
creased impedance pre¬ 
sented to the tube anodes raised the efficiency above optimum linear amplifier 
operating conditions. This of course, is a testimonial to the Lapp claim of 
‘low loss’ features, and permitted us to transfer just that much more power 
to the antenna and to aiscard the air blower which had been found nec¬ 
essary to hold the temperature rise of the mica units to a safe value. As best 
we can determine, the gas-filled units operate at the ambient temperature. 

“Our condensers, received in February, 1939 , were filled to 200 pounds 
nitrogen shortly after arrival. Since then they have required absolutely no 
service of any kind.” 


Descriptive literature and list of 54 models in three voltage ratings available 
on request. 



















































































